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Description
[Technical Field]

[0001] This specification relates to a wireless communication system supporting a TDD narrowband and, more par-
ticularly, to a method for transmitting and receiving system information in a TDD NB-loT system and an apparatus therefor.

[Background Art]

[0002] Mobile communication systems have been generally developed to provide voice services while guaranteeing
user mobility. Such mobile communication systems have gradually expanded their coverage from voice services through
data services up to high-speed data services. However, as current mobile communication systems suffer resource
shortages and users demand even higher-speed services, development of more advanced mobile communication sys-
tems is needed.

[0003] The requirements of the next-generation mobile communication system may include supporting huge data
traffic, a remarkable increase in the transfer rate of each user, the accommodation of a significantly increased number
of connection devices, very low end-to-end latency, and high energy efficiency. To this end, various techniques, such
as small cell enhancement, dual connectivity, massive multiple input multiple output (MIMO), in-band full duplex, non-
orthogonal multiple access (NOMA), supporting super-wide band, and device networking, have been researched.

[Disclosure]
[Technical Problem]

[0004] An object of this specification is to provide a method of transmitting and receiving system information on a non-
anchor carrier in a TDD NB-loT system.

[0005] Technical objects to be achieved in the present invention are not limited to the above-described technical
objects, and other technical objects not described above may be evidently understood by a person having ordinary skill
in the art to which the present invention pertains from the following description.

[Technical Solution]

[0006] This specification provides a method of receiving system information in a wireless communication system
supporting a time division duplex (TDD) narrowband (NB).

[0007] More specifically, the method performed by a user equipment includes receiving, from a base station, first
system information on an anchor carrier, wherein the first system information includes first information indicating whether
a carrier used for second system information is an anchor carrier or a non-anchor carrier and second information on a
location of the non-anchor carrier used for the second system information, and receiving, from the base station, the
second system information on the non-anchor carrier based on the first system information.

[0008] Furthermore, in this specification, the first system information is a masterinformationblock (MIB)-narrowband
(NB), and the second system information is a systeminformationblock1 (S1B1)-NB.

[0009] Furthermore, in this specification, the first information is configured as the non-anchor carrier.

[0010] Furthermore, in this specification, the first system information further includes operation mode information
indicating an operation mode of the system. The location of the non-anchor carrier used for the second system information
is determined based on the operation mode.

[0011] Furthermore, in this specification, the location of the non-anchor carrier is determined as a relative location
with the anchor carrier.

[0012] Furthermore, in this specification, when the operation mode is configured as a guard band, the second control
information indicates a carrier on the same side as the anchor carrier or a carrier on the side opposite to the anchor carrier.
[0013] Furthermore, in this specification, if the operation mode is an in-band or standalone, the second information
indicates a frequency value lower than or higher than the anchor carrier.

[0014] Furthermore, in this specification, the relative location is represented as the interval of a physical resource
block (PRB).

[0015] Furthermore, in this specification, the first system information further includes third information indicating that
the number of cell-specific reference signal (CRS) ports of the non-anchor carrier is identical with the number of NRS
ports of the anchor carrier or 4.

[0016] Furthermore, in this specification, the operation mode of the non-anchor carrier is an in-band-different PCI.
[0017] Furthermore, in this specification, the second system informationis received in a subframe #0 and a subframe #5.



10

15

20

25

30

35

40

45

50

55

EP 3 522 433 A1

[0018] Furthermore, in this specification, the repetition number of the second system information on the non-anchor
carrier is 8 or 16.

[0019] Furthermore, in this specification, the repetition number is determined based on a specific parameter included
in the first system information.

[0020] Furthermore, in this specification, a narrowband reference signal (NRS) is received from the base station in
the subframe #0 and the subframe #5.

[0021] Furthermore, this specification provides a user equipment receiving system information in a wireless commu-
nication system supporting a time division duplex (TDD) narrowband (NB), including a radio frequency (RF) module for
transmitting and receiving radio signals and a processor controlling the RF module. The processor is configured to
receive, from a base station, first system information on an anchor carrier, the first system information includes first
information indicating whether a carrier used for second system information is an anchor carrier or a non-anchor carrier
and second information on a location of the non-anchor carrier used for the second system information, and receive,
from the base station, the second system information on the non-anchor carrier based on the first system information.

[Advantageous Effects]

[0022] This specification has an effect in that system information can be transmitted and received on a non-anchor
carrier by defining the location of system information on a non-anchor carrier and a related procedure.

[0023] Effects which may be obtained in the present invention are not limited to the above-described effects, and other
technical effects not described above may be evidently understood by a person having ordinary skill in the art to which
the present invention pertains from the following description.

[Description of Drawings]

[0024] The accompanying drawings included as part of the detailed description in order to help understanding of the
presentinvention provide embodiments of the presentinvention, and describe the technical characteristics of the present
invention along with the detailed description.

FIG. 1 is a diagram showing an example of an LTE radio frame structure.

FIG. 2 is a diagram showing an example of a resource grid for a downlink slot.

FIG. 3 shows an example of a downlink subframe structure.

FIG. 4 shows an example of an uplink subframe structure.

FIG. 5 shows an example of a frame structure type 1.

FIG. 6 is a diagram showing another example of a frame structure type 2.

FIG. 7 shows an example of a random access symbol group.

FIG. 8 is a diagram showing an example of a method for interpreting signaling information of an SIB1-NB non-anchor
carrier in a MIB-NB when an anchor carrier proposed in this specification is a guard band operation mode.

FIG. 9 is a diagram showing another example of a method for interpreting signaling information of an SIB1-NB non-
anchor carrier in a MIB-NB when an anchor carrier proposed in this specification is a guard band operation mode.
FIG. 10 is a diagram showing an example of the transmission location of an SIB1-NB proposed in this specification.
FIGS. 11 and 12 show examples of the transmission location of an SIB1-NB according to a repetition number
proposed in this specification.

FIG. 13 is a diagram showing an example of the codeword and resource mapping of an SIB1-NB proposed in this
specification.

FIG. 14 is a diagram showing an example of the location of a subframe in which an NPSS/NSSS/NPBCH/SIB1-NB
is transmitted on an anchor-carrier proposed in this specification.

FIG. 15is adiagram showing another example of the location of a subframe in which an NPSS/NSSS/NPBCH/SIB1-
NB/NRS is transmitted on an anchor carrier proposed in this specification.

FIG. 16 is a flowchart showing an example of a user equipment operation for performing a method proposed in this
specification.

FIG. 17 is a flowchart showing an example of a base station operation for performing a method proposed in this
specification.

FIG. 18 illustrates a block diagram of a wireless communication apparatus to which methods proposed in this
specification may be applied.

FIG. 19 is another example of a block diagram of a wireless communication apparatus to which methods proposed
in this specification may be applied.



10

15

20

25

30

35

40

45

50

55

EP 3 522 433 A1
[Mode for Invention]

[0025] Some embodiments of the present disclosure are described in detail with reference to the accompanying
drawings. A detailed description to be disclosed along with the accompanying drawings is intended to describe some
exemplary embodiments of the present disclosure and is not intended to describe a sole embodiment of the present
disclosure. The following detailed description includes more details in order to provide full understanding of the present
disclosure. However, those skilled in the art will understand that the present disclosure may be implemented without
such more details.

[0026] In some cases, in order to avoid making the concept of the present disclosure vague, known structures and
devices are omitted or may be shown in a block diagram form based on the core functions of each structure and device.
[0027] In the present disclosure, a base station has the meaning of a terminal node of a network over which the base
station directly communicates with a terminal. In this document, a specific operation that is described to be performed
by a base station may be performed by an upper node of the base station according to circumstances. That is, it is
evident that in a network including a plurality of network nodes including a base station, various operations performed
for communication with a terminal may be performed by the base station or other network nodes other than the base
station. The base station (BS) may be substituted with another term, such as a fixed station, a Node B, an eNB (evolved-
NodeB), a base transceiver system (BTS), or an access point (AP). Furthermore, the terminal may be fixed or may have
mobility and may be substituted with another term, such as user equipment (UE), a mobile station (MS), a user terminal
(UT), amobile subscriber station (MSS), a subscriber station (SS), an advanced mobile station (AMS), a wireless terminal
(WT), a machine-type communication (MTC) device, a machine-to-Machine (M2M) device, or a device-to-device (D2D)
device.

[0028] Hereinafter, downlink (DL) means communication from a base station to UE, and uplink (UL) means commu-
nication from UE to a base station. In DL, a transmitter may be part of a base station, and a receiver may be part of UE.
In UL, a transmitter may be part of UE, and a receiver may be part of a base station.

[0029] Specific terms used in the following description have been provided to help understanding of the present
disclosure, and the use of such specific terms may be changed in various forms without departing from the technical
sprit of the present disclosure.

[0030] The following technologies may be used in a variety of wireless communication systems, such as code division
multiple access (CDMA), frequency division multiple access (FDMA), time division multiple access (TDMA), orthogonal
frequency division multiple access (OFDMA), single carrier frequency division multiple access (SC-FDMA), and non-
orthogonal multiple access (NOMA). CDMA may be implemented using a radio technology, such as universal terrestrial
radio access (UTRA) or CDMA2000. TDMA may be implemented using a radio technology, such as global system for
mobile communications (GSM)/general packet radio service (GPRS)/enhanced data rates for GSM evolution (EDGE).
OFDMA may be implemented using a radio technology, such as Institute of electrical and electronics engineers (IEEE)
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, or evolved UTRA (E-UTRA). UTRA is part of a universal mobile
telecommunications system (UMTS). 3rd generation partnership project (3GPP) Long term evolution (LTE) is part of an
evolved UMTS (E-UMTS) using evolved UMTS terrestrial radio access (E-UTRA), and it adopts OFDMA in downlink
and adopts SC-FDMA in uplink. LTE-advanced (LTE-A) is the evolution of 3GPP LTE.

[0031] Embodiments of the present disclosure may be supported by the standard documents disclosed in at least one
of IEEE 802, 3GPP, and 3GPP2, that is, radio access systems. That is, steps or portions that belong to the embodiments
of the present disclosure and that are not described in order to clearly expose the technical spirit of the present disclosure
may be supported by the documents. Furthermore, all terms disclosed in this document may be described by the standard
documents.

[0032] In order to more clarify a description, 3GPP LTE/LTE-A is chiefly described, but the technical characteristics
of the present disclosure are not limited thereto.

General system

[0033] FIG. 1is a diagram showing an example of an LTE radio frame structure.

[0034] In FIG. 1, the radio frame includes 10 subframes. The subframe includes 2 slots in a time domain. Time for
transmitting one subframe is defined as a transmission time interval (TTI). For example, one subframe may have a length
of 1 millisecond (ms), and one slot may have a length of 0.5 ms. One slot includes a plurality of orthogonal frequency
division multiplexing (OFDM) symbols in the time domain. An OFDM symbol is for representing one symbol period
because 3GPP LTE uses OFDMA in downlink. The OFDM symbol may be referred to as an SC-FDMA symbol or a
symbol period. A resource block (RB) is a resource allocation unit and a plurality of contiguous subcarriers in one slot.
The structure of the radio frame is illustrative. Accordingly, the number of subframes included in the radio frame, the
number of slots included in a subframe, or the number of OFDM symbols included in a slot may be modified in various
manners.
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[0035] FIG. 2 is a diagram showing an example of a resource grid for a downlink slot.

[0036] In FIG. 2, the downlink slot includes a plurality of OFDM symbols in a time domain. In this specification, for
example, one downlink slot is illustrated as including 7 OFDM symbols and one resource block (RB) is illustrated as
including 12 subcarriers in a frequency domain. However, the present invention is not limited to the above examples.
Each element of the resource grid is referred to as a resource element (RE). One RB includes 12X7 REs. The number
NDL of RBs included in the downlink slot is different depending on a downlink transmission bandwidth. The structure of
an uplink slot may be the same as that of a downlink slot.

[0037] FIG. 3 shows an example of a downlink subframe structure.

[0038] In FIG. 3, a maximum of 3 OFDM symbols positioned in the front part of the first slot within a subframe is a
control area to which a control channel is allocated. The remaining OFDM symbols correspond to a data area to which
a PDSCH is allocated. Examples of downlink control channels used in I3GPP LTE include a physical control format
indicator channel (PCFICH), a physical downlink control channel (PDCCH), a physical hybrid ARQ indicator channel
(PHICH), etc. The PCFICH is transmitted in the first OFDM symbol of a subframe, and carries information on OFDM
symbols used for the transmission of control channels within a subframe. The PHICH is a response to uplink transmission
and carries a HARQ acknowledgment (ACK)/negative-acknowledgment (NACK) signal. Control information transmitted
through a PDCCH is referred to as downlink control information (DCI). DCI includes uplink or downlink scheduling
information or includes an uplink transmission (Tx) power control command for given UE groups.

[0039] A PDCCH may carry the transport format and resource allocation of a downlink shared channel (DL-SCH),
resource allocation information of an uplink shared channel (UL-SCH), paging information on a paging channel (PCH),
system information on a DL-SCH, resource allocation of a higher layer control message such as a random access
response transmitted on a PDSCH, a set of Tx power control commands for UEs within an arbitrary UE group, the Tx
power control command of a voice over IP (VolP), activation, etc. A plurality of PDCCHs may be transmitted within the
control area. A UE may monitor a plurality of PDCCHs. A PDCCH is transmitted on an aggregation of one or some
contiguous control channel elements (CCEs). A CCE is a logical allocation unit used to provide a PDCCH with a coding
rate based on the state of a radio channel. A CCE corresponds to a plurality of resource element groups. The format of
a PDCCH and the number of available bits of the PDCCH is determined based on the correlation between the number
of CCEs and a coding rate provided by the CCEs. A BS determines a PDCCH format based on DCI that needs to be
transmitted to a UE, and attaches a cyclic redundancy check (CRC) to control information. The CRC is masked with a
unique identifier (called radio network temporary identifier (RNTI)) depending on the owner or use of a PDCCH. If a
PDCCH is for a specific UE, a CRC may be masked with a unique identifier (e.g., cell-RNTI (C-RNTI)) of the specific
UE. For another example, if a PDCCH is for a paging message, a CRC may be masked with a paging indicator identifier
(e.g., paging-RNTI (P-RNTI)). If a PDCCH is for system information (system information block (SIB) to be described
more specifically), a CRC may be masked with a system information identifier and a system information RNTI (SI-RNTI).
A CRC may be masked with a random access-RNTI (RA-RNTI) in order to indicate a random access response, that is,
a response to the transmission of a random access preamble by a UE.

[0040] FIG. 4 shows an example of an uplink subframe structure.

[0041] In FIG. 4, the uplink subframe may be divided into a control area and a data area in a frequency domain. A
physical uplink control channel (PUCCH) for carrying uplink control information is allocated to the control area. A physical
uplink shared channel (PUSCH) for carrying user data is allocated to the data area. In order to maintain a single carrier
characteristic, one UE does not transmit a PUCCH and a PUSCH at the same time. A PUCCH for one UE is allocated
to an RB pair within a subframe. An RB belonging to an RB pair occupies different subcarriers in two slots. This is called
that an RB pair allocated to a PUCCH is frequency-hopped at a slot boundary.

[0042] Hereinafter, an LTE frame structure is described more specifically.

[0043] The sizes of various fields in the time domain is represented as the number of time units of Tg = 1/(15000 X
2048) seconds unless described otherwise through the LTE specification.

[0044] Downlink and uplink transmissions are organized as a radio frame having duration of T¢ = 307200 X T4 = 10m.
Two radio frame structures are supported.

- Type 1: applicable to FDD
- Type 2: applicable to TDD

Frame structure type 1

[0045] The frame structure type 1 may be applied to both full duplex and half duplex FDD. Each radio frame is T; =
307200-T; = 10 ms length, and is configured with 20 slots, that is, T; = 307200-Tg = 10 ms. The slots are numbered
from 0 to 19. A subframe is defined as two contiguous slots, and a subframe i includes slots 2i and 2i + 1.

[0046] In the case of FDD, 10 subframes are available for downlink transmission, and 10 subframes are available for
uplink transmission every 10ms interval.



10

15

20

25

30

35

40

45

50

55

EP 3 522 433 A1
[0047] Uplink and downlink transmissions are separated in the frequency domain. In a half duplex FDD operation, a
UE cannot transmit and receive data at the same time, but there is no limit in full duplex FDD.

[0048] FIG. 5 shows an example of a frame structure type 1.

Frame structure type 2

[0049] The frame structure type 2 may be applied to FDD. The length of each radio frame of a length T; = 307200 X T,
= 10ms includes two half-frames, each one having 15360-T4 = 0.5ms. Each half-frame includes 5 subframes of length
30720-T¢ = 1ms. Supported uplink-downlink configurations are listed in Table 2. In this case, in each subframe within
a radio frame, "D" indicates that a subframe has been reserved for downlink transmission, "U" indicates that a subframe
has been reserved for uplink transmission, and "S" indicates a special subframe having three fields of a downlink pilot
time slot (DWPTS), a guard period (GP) and an uplink pilot time slot (UpPTS). On the premise that a DwWPTS, GP and
UpPTS have a total length 30720-T¢ = 1 ms, the length of the DWPTS and UpPTS is provided by Table 1. In each
subframe i, a length within each subframe is defined as two slots 2i and 2i+1, that is, Tg,; = 15360-T4 = 0.5m.

[0050] An uplink-downlink configuration having switch-point periodicity from downlink to uplink in both 5 ms and 10
ms is supported. In the case of switch-point periodicity from downlink to uplink of 5 ms, a special subframe is present
in both two half-frames. In the case of switch-point periodicity from downlink to uplink of 10 ms, the special subframe is
present only in the first half-frame. Subframes 0 and 5 and a DwPTS are always reserved for downlink transmission.
An UpPTS and a subframe subsequent to the special subframe are always reserved for uplink transmission.

[0051] FIG. 6 is a diagram showing another example of a frame structure type 2.

[0052] Table 1 shows an example of the configuration of a special subframe.

[Table 1]
Special Normal cyclic prefix in downlink Extended cyclic prefix in downlink
subframe — ["h prg UpPTS DWPTS UpPTS
configuration

Normal cyclic Extended cyclic Normal cyclic Extended cyclic

prefix in uplink prefix in uplink prefix in uplink prefix in uplink
0 6592- T 7680-T

2560- T 2192 Ty 2560- T
1 19760 T 20480 T
2 21952 T 23040 - T
3 24144-T, 2192 Ty 25600 T
4 26336 T, 7680 T
5 6592 T 20480- T 4384-T, 5120-T
6 19760- T 23040- T
4384 ‘T 5120-T

7 21952-Tg - - -
8 24144-T, - - -

[0053] Table 2 shows an example of an uplink-downlink configuration.

[Table 2]
Subframe number
Uplink-Downlink configuration | Downlink-to-Uplink Switch-point periodicity

0(1]2|3|4 6789
0 5ms D|/S|{UjUjuU|D|S|U|U]|U
1 5ms D|/S|UjuU/D|/D|S|U|U|D
2 5ms D/S|(u|/D/D|/D|S|U|D|D
3 10ms D/S|UuUjuUuju|D|/D|D|D|D
4 10ms D/S|uUju/D/D|/D|D|D|D
5 10ms D/S(u/DD/D/D|D|D|D
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(continued)

Subframe number

Uplink-Downlink configuration | Downlink-to-Uplink Switch-point periodicity

6 5ms D/S|jujujub|sfuju|b

NB-loT

[0054] A narrowband-Internet of things (NB-loT) is a standard for supporting low complexity, low cost devices, and
has been defined to perform only a relatively simple operation compared to the existing LTE devices. The NB-1oT follows
the basic structure of LTE, but operates based on the following defined contents. If the NB-loT reuses a channel or
signal of LTE, it may follow the standard defined in the existing LTE.

Uplink
[0055] The following narrowband physical channels are defined.

- Narrowband physical uplink shared channel (NPUSCH)
- Narrowband physical random access channel (NPRACH)

[0056] The following uplink narrowband physical signals are defined.

- Narrowband demodulation reference signal

UL
[0057] In a subcarrier Ngc aspect, an uplink bandwidth and slot duration Ty are given in Table 3.
[0058] Table 3 shows an example of NB-loT parameters.

[Table 3]
Subcarrier Spacing NUL Tsiot
Af = 3.75kHz 48 61440- T,
Af = 15kHzZ 12 | 15360 T,

[0059] A single antenna port p = 0 is used for all uplink transmissions.
Resource unit

[0060] A resource unitis used to describe the mapping of an NPUSCH and a resource element. The resource unit is

UL UL

symb Nslots

RU
defined as contiguous symbols of in the time domain, and is defined as contiguous subcarriers of Nsc

UL
] N
in the frequency domain. In this case, Nsc and ~ Y™ are given in Table 4.

NRU NUL NUL
[0061] Table 4 shows an example of supported combinations of Vsc » ‘Vslots and ~ symb
[Table 4]
RU UL UL
NPUSCH format Af Ng: Nglots Nsymb
3.75kHz 1 16
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(continued)
NPUSCH format |  Af Ne& | NSbe | N
1 16
1 3 8
15kHz

6 4 7
12 2
3.75kHz | 1 4
2 15kHz 1 4

Narrowband uplink shared channel (NPUSCH)

[0062] A narrowband physical uplink shared channel is supported by two formats:

- NPUSCH format 1 used to carry an UL-SCH
- NPUSCH format 2 used to carry uplink control information

[0063] Scrambling is performed according to Paragraph 5.3.1 of TS36.211. A scrambling sequence generator is

Ing/2] + NNgel!

initialized as ¢;; = NpyT214 + ng mod 2:213 + " In this case, ng is the first slot of codeword trans-

mission. In the case of NPUSCH repetition, a scrambling sequence is re-initialized as ng and n; configured as the first

NPUSCH

slot and a frame, respectively, used for repetition transmission after all idendical

NPUSCH
to the above equation. Quantity ~ idendical i hrovided by Paragraph 10.1.3.6 of TS36.211.
[0064] Table 5 specifies modulation mappings applicable to narrowband physical uplink shared channel.

codeword transmission according

[Table 5]
NPUSCH format NRU Modulation method
sC

1 1 BPSK, QPSK
>1 QPSK
2 1 BPSK

[0065] An NPUSCH may be mapped to one or more resource units Ngy, such as that provided by Paragraph 3GPP

NPUSCH
TS 36.213. The one or more resource units are transmitted <P times.

[0066] In order to follow transmit power Pypyscy defined in 3GPP TS 36.213, the block

z(0), ..., z(MNEVSCH — 1) B N |
of complex-value symbols is multiplied by a size scaling elementBypysch, and is

mapped to subcarriers allocated for the transmission of an NPUSCH as a sequence that starts from z(0). Mapping to a

resource element (k,l) allocated for transmission and corresponding to subcarriers not used for the transmission of

reference signals becomes an increment sequence of an index k, a subsequent index | starting from the first slot of an

allocated resource unit.

[0067] Prior to continuous mapping to the following slot of z(-) after Ng s Slot mapping, Ngots Slots are repeated as

MNPUSCH
n

an - idendical additional number. In this case, Equation 1 is as follows:
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[Equation 1]

NPUSCH _ in([Mge%USCH/Z]:‘L) NSV > 1
idendical — 1 N§CU 1

N :{1 Af = 3.75kHz
slots ™ 12 Af = 15kHz

[0068] If mapping to an Ny Slot or the repetition of the mapping includes a resource element overlapping a given
configured NPRACH resource according to NPRACH-ConfigSIB-NB, the NPUSCH transmission of the overlapped Ng)qts
slots is postponed until next Ng.s Slots do not overlap a given configured NPRACH resource.

o 2O (MG - 1) | MRS NI, .
[0069] Mapping of is repeated until slots are transmitted.
After transmissions and/or postponements by an NPRACH of a 256-30720T time unit, if NPUSCH transmission is
postponed, the gap of a 40- 30720T time unit is inserted. The postponement part attributable to an NPRACH matched
with the gap is counted as part of the gap.
[0070] If a higher layer parameter npusch-AllSymbols is configured to be false, the resource elements of an SC-FDMA
symbol overlapping a symbol configured as an SRS according to srs-SubframeConfig is calculated as NPUSCH mapping,
but is not used for the transmission of an NPUSCH. If the higher layer parameter npusch-AllSymbols is configured to
be true, all symbols are transmitted.

Uplink control information on an NPUSCH without UL-SCH data

ACK ACK _
[0071] 1 bit information of HARQ-ACK 00 " is coded according to Table 6. In this case, 0o 1 with respect to

0ACK
ACK, and Y0  with respect to NACK.

[0072] Table 6 shows an example of HARQ-ACK codewords.

[Table 6]
HARQ-ACK HARQ-ACK
<013c1<> <bg,b4,b,...,.0415>
0 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
1 <1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>

Power control
[0073] InanNB-loT UL slot ifor a serving cell, UE transmit power for NPUSCH transmission is provided like Equations

2 and 3.
[0074] When the repetition number of allocated NPUSCH RUs is greater than 2,

[Equation 2]
PNPUSCH,c (l) = PCMAX,c(i) [d Bm]

[0075] Otherwise,

PCMAX,c(i)’

- P, (i) =min . . .
[Equation 3] R 10log,, (MNPUSCH,c @)+ POfNPUSCH,c(.]) +a,(j) PL. [dBm]
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[0076] In this case, Pcyaxsc(i) is configured UE transmit power defined in 3GPP TS36.101 in an NB-loT UL slot i with
respect to a serving cell c.

[0077] Mypysch,cis {1/4} with respect to 3.75kHz subcarrier spacing, and is {1,3,6,12} with respect to 15kHz subcarrier
spacing.

[0078] Po npusch,cU) has the sum of a component Pg nominaL_NPusch,cU) Provided by higher layers with respect to
the serving cell ¢ and a component Pg g NPUSCH,c(/) provided by higher layers with respect to j = 1. In this case, j e
{1,2}. j = 1 with respect to NPUSCH (Fe)t?ansmissions corresponding to a dynamic-scheduled grant, and j = 2 with
respect to NPUSCH (re)transmissions corresponding to a random access response grant.

[0079] Po ue Npusch,c(2) = 0 and Po normiNAL_NPUscH.c(2) = Po_pRe * AprReamBLE Msgs- IN this case, parameters
preamblelnitialReceivedTargetPower Pg pre and ApreamsLE Msg3 @re signaled from higher layers with respect to the
serving cell c.

[0080] With respect to j =1, a(j) = 1 is provided by higher layers with respect to the NPUSCH format 2; a.(j) is
provided by higher layers with respect to the NPUSCH format 1 with respect to the serving cell c. a(j) = 1 with respect
toj=2.

[0081] PL_is downlink pathloss estimation calculated in dB by a UE with respect to the serving cell ¢, and PL_= nrs-
Power + nrs-PowerOffsetNonAnchor - higher layer-filtered NRSRP. In this case, nrs-Power is provided by higher layers
and lower Paragraph 16.2.2 of 3GPP 36.213. If nrs-powerOffsetNonAnchor is not provided by higher layers, it is set to
zero. NRSRP is defined in 3GPP TS 36.214 with respect to the serving cell ¢, and a higher layer filter configuration is
defined in 3GPP TS 36.331 with respect to the serving cell c.

[0082] When a UE transmits an NPUSCH in an NB-loT UL slot i with respect to the serving cell ¢, a power headroom
is calculated using Equation 4.

[Equation 4]

PH (i) = Poyiax . (1) — { By weusen (1) + @ (1) - PL, } [dB]

UE procedure for transmitting format 1 NPUSCH

[0083] When an NPDCCH having the DCI format NO ended in an NB-loT DL subframe n for a UE is detected in a
given serving cell, the UE performs corresponding NPUSCH transmission using the NPUSCH format 1 in N contiguous
NB-loT UL slots n;, thatis,i=0,1, ..., N-1, based on NPDCCH information atthe end of an n + ky DL subframe. In this case,
[0084] The subframe n is the last subframe in which the NPDCCH is transmitted, and is determined by the start
subframe of the NPDCCH transmission and the DCI subframe repetition number field of corresponding DCI. Furthermore,

_ UL
N = NRepNRUNslots . . . . . .
* Inthis case, the value of Nie, is determined by the repetition number field of the corresponding

NUL

DCI. The value of Ngy is determined by the resource allocation field of the corresponding DCI. The value of " slots is
the number of NB-loT UL slots of aresource unit corresponding to the number of subcarriers allocated in the corresponding
DCI.

[0085] ngis the first NB-loT UL slot that starts after the end of the subframe n + k.

[0086] The value of kg is determined by the scheduling delay field (/pgay) of the corresponding DClaccording to Table 7.
[0087] Table 7 shows an example of kO for the DCI format NO.

[Table 7]
Ipelay ko
0 8
1 16
2 32
3 64

[0088] Resource allocationinformation ofan uplink DClformatNOfor NPUSCH transmissionis indicated by a scheduled
UE.

1"



10

15

20

30

35

40

45

50

55

EP 3 522 433 A1

- Set of contiguously allocated subcarriers (ng.) of a resource unit determined by the subcarrier indication field of

corresponding DCI

- Multiple resource units (Ngy) determined by the resource allocation field of corresponding DCI according to Table 9
- Repetition number (Ngep) determined by the repetition number field of corresponding DCI according to Table 10

[0089] The subcarrier spacing Af of NPUSCH transmission is determined by the uplink subcarrier spacing field of a
narrowband random access response grant according to Lower Paragraph 16.3.3 of 3GPP TS36.213.
[0090] In the case of NPUSCH transmission having subcarrier spacing Af = 3.75kHz, ng¢ = Ig¢. In this case, I is the

subcarrier indication field of DCI.

[0091] Inthe case of NPUSCH transmission having subcarrier spacing Af = 15kHz, the subcarrier indication field (lg)

of DCI determines a set of contiguously allocated subcarriers (ng.) according to Table 8.

[0092] Table 8 shows an example of subcarriers allocated to an NPUSCH having Af=15kHz.

[Table 8]
Subcarrier indication field (/) | Set of allocated subcarriers (ng)
0-11 lsc
12-15 3(ly-12)+{0,1,2}
16-17 6(/,-16)+{0,1,2,3,4,5}
18 {0,1,2,3,4,5,6,7,8,9,10,11}
19-63 Reserved

[0093] Table 9 shows an example of the number of resource units for an NPUSCH.

[Table 9]
lry Nru
0 1
1 2
2 3
3 4
4 5
5 6
6 8
7 10

[0094] Table 10 shows an example of the repetition number of an NPUSCH.

Table 10]

IRep

NRep

0

1

1

2

4

8

16

32

64

N[O~ WOIDN

128
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Demodulation reference signal (DMRS)

_ RU _
0095] A reference signal sequence ry(n) for Nse = 1 is defined by Equation 5.
u

[Equation 5]

_ 1 :
fum) =1+ (1-2c(n))w(nmod 16), 0 <n < MPEPSHNRyNTE,

[0096] In this case, the binary sequence c¢(n) is defined by 7.2 of TS36.211, and needs to be initialized as ¢;..;; = 35

init —
when NPUSCH transmission starts. The value w(n) is provided by Table 1-11. In this case, when group hopping is not

_ nyNcell
enabled with respecttothe NPUSCH format 1, u= NID mod 16 for the NPUSCH format 2. When group hopping

is enabled with respect to the NPUSCH format 1, the value w(n) is provided by Paragraph 10.1.4.1.3 of 3GPP TS36.211.
[0097] Table 11 shows an example of w(n).

[Table 11]
u w(0),..., w(15)
111117111111
1111117111/~
111 (1111|1171 {1]-1(-1({1]1]-1]-1

o
-
-
-
-
-
-
-
-

N
=N
1
—_
-
1
[N
=N
1
[N
-
1
-

Ol N|OoO|lO| B~ WIDN
N
1
-
-
1
-
1
-
-
1
=N
N
-
1
=N
-
1
-
1
-
-
1
-
-

-
o
-
-
1
-
1
-
-
-
1
-
1
-
1
-
1
-
-
-
1
-
1
-
-
-

£ T T T T O O P O P T T P O T O T
2111|1111 1
£ TR T O O A O P T R T T T
L7 I T T T P T T T T T O
TR EFEEEREE N EEET T N N I I I

[0098] A reference signal sequence for the NPUSCH format 1 is provided by Equation 6.

[Equation 6]

r,(n) =, (n)

[0099] A reference signal sequence for the NPUSCH format 2 is provided by Equation 7.
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[Equation 7]
r,3n+m) =w(m)r,(n), m=0,1,2

[0100] In this case, w(m) is defined as Table 5.5.2.2.1-2 of 3GPP TS36.211 having a sequence index selected based

7
c(8n, +i)2" |mod3 Neell
[Z ( ) j Cinit = N1
with :

on i=0

RU
[0101] Areference signal sequences r,(n) for N ¢~ 1 is defined by the cyclic shift o of a base sequence according

to Equation 8.

[Equation 8]
r.(n) =/ e? ™M 0<pn< NV

RU
N, =3
[0102] In this case, ¢(n) is provided by Table 10.1.4.1.2-1 with respect to ’ is provided by Table 12 with

RU
Ny =6 N =12
respect to » and is provided by Table 13 with respect to -

[0103] When group hopping is not enabled, a base sequence indexY is provided by higher layer parameters threeTone-

NV =3

SC
BaseSequence, sixTone-BaseSequence, and twelveTone-BaseSequence, respectively, with respect to

H

RU
N =6 N —12
’ and - When group hopping is not signaled by higher layers, a base sequence is provided
by Equation 9.

[Equation 9]
Ny mod12  for NXU =3
u=4 N mod14 for NXV =6
Ny mod30 for NRY =12

[0104] When group hopping is enabled, the base index u is provided by Paragraph 10.1.4.1.3 of 3GPP TS36.211.
NERU _3 NRU _¢

sC

[0105] Acyclicshiftfor*"s¢ — ~ and » as defined in Table 14, are derived from respective higher layer
NRU —12
parameters threeTone-CyclicShift and sixTone-CyclicShift. « = 0 for .
RU _ 3
[0106] Table 12 is a table showing an example of ¢(n) for 5
[Table 12]
u 9(0),9(1),0(2)
0 1 -3 -3
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(continued)
u #(0).9(1),0(2)
1 1 -3 -1
2 1 -3 3
3 1 -1 -1
4 1 -1 1
5 1 -1 3
6 1 1 -3
7 1 1 -1
8 1 1 3
9 1 3 -1
10 1 3 1
11 1 3 3
RU _ ¢
[0107] Table 13 is a table showing another example of ¢(n) for 5¢
[Table 13]
u »(0),...,9(5)
0 1 1 1 1 3 -3
1 1 1 3 1 -3 3
2 1 -1 -1 -1 1 -3
3 1 -1 3 -3 -1 -1
4 1 3 1 -1 -1 3
5 1 -3 -3 1 3 1
6 -1 -1 1 -3 -3 -1
7 -1 -1 -1 3 -3 -1
8 3 -1 1 -3 -3 3
9 3 -1 3 -3 -1 1
10 3 -3 3 -1 3 3
11 -3 1 3 1 -3 -1
12 -3 1 -3 3 -3 -1
13 -3 3 -3 1 1 -3
[0108] Table 14 is a table showing an example of a.
[Table 14]
NRU =3 NRY =6
3 tone - cyclic shift (three Tone-CyclicShift) a 6 tone - cyclic shift (sixTone-CyclicShift) a
0 0
1 273 1 276
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(continued)
NG =3 NRU —6
3 tone - cyclic shift (three Tone-CyclicShift) a 6 tone - cyclic shift (sixTone-CyclicShift) a
2 4713 2 4716
3 8716

[0109] For a reference signal for the NPUSCH format 1, sequence-group hopping may be enabled. In this case, the
sequence-group number u of the slot ng is defined by a group hopping pattern fgh(ns) and a sequence-shift pattern fgg
according to Equation 10.

[Equation 10]
u=(fin (1) + fs Jmod N2V

RU
[0110] In this case, the number of reference signal sequences, = $¢4 available for each resource unit size is provided

by Table 15.

NRU
[0111] Table 15 shows an example of ~"s€q-
[Table 15]

RU RU

Nsc Nseq
1 16
3 12
6 14
12 30

[0112] Sequence-group hopping is enabled or disabled by cell-specific parameters groupHoppingEnabled provided
by higher layers. Sequence group hopping for an NPUSCH may be disabled by a specific UE through a higher-layer
parameter groupHoppingDisabled unless NPUSCH transmission corresponds to the retransmission of the same transport
block or a random access response grant as part of a contention-based random access procedure.

[0113] A group hopping pattern fgh(ns) is provided by Equation 11.

[Equation 11]
fan(ng) = (ZZ_Oc(gn; +i)-2' j mod N3

ni=n;, NJ'>1 p
[0114] In this case, for » and is the slot number of the first slot of a resource unit. The

pseudo-random sequence c(j) is defined by Paragraph 7.2. The pseudo-random sequence generator is initialized as

Ncell
e =|Np
mit = RU RU
sed atthe start of a resource unit with respectto = S€ " 7 andin each even-numbered slot with respect
RU
N > 1

SC
to
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[0115] A sequence-shift pattern f is provided by Equation 12.

[Equation 12]
foo = (V4 A Jmod NRU

seq

[0116] In this case, Ag € {0,1,...,29} is provided by a higher-layer parameter groupAssignmentNPUSCH. If the value
is not signaled, Ags = 0.

[0117] A sequence r(-) needs to be multiplied by a size scaling factor Sypyscn and needs to be mapped to subcarriers
as a sequence that starts as r(0).

[0118] A setof subcarriers used for a mapping process needs to be the same as corresponding NPUSCH transmission
defined in Paragraph 10.1.3.6 of 3GPP 36.211.

[0119] In mapping to resource elements (k,/), an increment sequence of the slot number needs to be the first k,
subsequently /, and the last. The values of the symbol index / within the slot are provided in Table 16.

[0120] Table 16 shows an example of demodulation reference signal locations for an NPUSCH.

[Table 16]
NPUSCH f ‘ Values for /
OMA | Af=3.75kHz | Af= 15 kHz
1 4 3
2 0,1,2 2,34
SF-FDMA baseband signal generation
RU >1
[0121] With respect to * » the time-contiguous signal s(f) of an SC-FDMA symbol / within a slot is defined
L
N ULz RB N S[CJ
by Paragraph 5.6 as a value *' RB “"sc UL substituted with )
R
NV =1
[0122] With respect to » the time-contiguous signal Sy (1) for the subcarrier index k of an SC-FDMA

symbol / within an uplink slot is defined by Equation 13.

[Equation 13]

kO =k+| N /2|

it ¢ J2r(k+1/2)Af (t-Nep /T3

[0123] 0<t<(Ngp,+ N)Ts. In this case, parameters for Af = 15 kHz and Af = 3.75 kHz are provided by Table 17. a,
is the modulation value of the symbol /, and phase rotation ¢, ,is defined by Equation 14.
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[Equation 14]
O :p(lN mod 2)+ O (IN)

T for BPSK
p=12
% for QPSK
o li)=1" - [=0
gok(l —1)+2ﬂAf(k+1/2)(N+NCP’Z)TS >0

I =01, MAr SN NN — 1
I =1 mod Nt

symb

[0124] In this case, lisa symbol counter reset when transmission starts, and is increased with respect to each symbol
during transmission.

[0125] Table 17 shows an example of SC-FDMA parameters for N-?CU = 1.
[Table 17]
Parameter Af=3.75 kHz Af=15kHz
N 8192 2048
Cyclic prefix length NCP,/ 256 160for/=0144forl=1,2,...,6
Set of values for k -24,-23,...,23 -6,-5,...,5

[0126] SC-FDMA symbols within a slot need to start at / = 0 and to be transmitted in an increment sequence of /. In

-1
 (Ngpp + N
this case, an SC-FDMA symbol / > 0 starts at time Zl:o o :

2304 T, within T is not transmitted and is used for a guard period.

[0127] Narrowband physical random access channel (NPRACH)

[0128] A physical layer random access preamble is based on a single-subcarrier frequency-hopping symbol group. A
symbol group is shown as a random access symbol group of FIG. 1-8, and has a cyclic prefix having a length of T¢p
and a sequence of 5 identical symbols having a total length of Tggq. Parameter values are listed in Table 18. The
parameter values are listed as random access preamble parameters of Table 18.

[0129] FIG. 7 shows an example of a random access symbol group.

[0130] Table 18 shows an example of random access preamble parameters.

within the slot. With respect to Af= 3.75 kHz,

[Table 18]
Preamble format Tcp Tseq
0 2048T, | 58192T
1 81927, | 5-8192T;
) ) . . . . NNPRACH .
[0131] A preamble including 4 symbol groups transmitted without a gap is transmitted ~ " '¢P times.

[0132] When arandom access preamble is triggered by a MAC layer, the transmission of the random access preamble
is limited to specific time and frequency domains.
[0133] An NPRACH configuration provided by higher layers includes the follows.

NPRACH
[0134] NPRACH resource periodicity  period
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NNPRACH

Frequency location *“scoffset (nprach-SubcarrierOffset) of a first subcarrier allocated to an NPRACH,

NPRACH
The number of subcarriers ~"S¢ (nprach-NumSubcarriers) allocated to an NPRACH,

NPRACH
The number of start subcarriers Nsc,cont (nprach-NumCBRA-StartSubcarriers) allocated to contention-based

NPRACH random access

NNPRACH
NPRACH repetition number *"start per attempt (nprach-StartTime),

NNPRACH
NPRACH start time * start (nprach-StartTime),

NPRACH
Fraction NMSG3 (nprach-SubcarrierMSG3-RangeStart) for calculating a start subcarrier index for an NPRACH sub-
carrier range reserved for the indication of UE support to multi-tone msg3 transmission

NYPRACH 30720 T

NPRACH transmission may start a S time unit after the start of a radio frame that fulfills

ng mod (N NXERACH /10)= 0

period

* Afterthe transmission ofa4-64(Tep + Tgeq). the gap of a40-307207 time unitis inserted.

NPRACH NPRACH UL
N scoffset +N sc >N sc

[0135] NPRACH configurations, that is, » are not valid.
[0136] NPRACH start subcarriers allocated to contention-based a random access are divided into two sets of subcar-

NPRACHp\ NPRACH __ NPRACHpjNPRACH NPRACH
{0, 1, ey NSCcont NMSG3 1} and {NSC_COIlt NMSG3 sy Nsccont - 1}

riers In this case, if
present, the second set indicates UE support for multi-tone msg3 transmission.

NRA =12
[0137] The frequency location of NPRACH transmission is restricted within an subcarrier. Frequency
hopping is used within 12 subcarriers. In this case, the frequency location of an ith symbol group is provided by

RA /N ~ - _ nyNRPACH
Ngc (l) = Dggart + HECA(I). Dgtart = Nscoffset + lninit/NgcA 'NgcA:

In this case, and Equation 15 is

as follows.

[Equation 15]

(724(0) + £(i/4))mod NRA  imod4 =0andi >0

g (i =D +1 imod4 =13and A% (i -~ )mod 2 = 0
A () =4 ARA 1) -1 imod4 =1,3and i% (i — 1)mod2 = 1

g (i =1)+6 imod4 =2and iR (i-1)< 6

g (i =1)—6 imod4 =2and iRA(i-1)> 6

n=10z+1

> = - RA
[0138] In this case, 'SC (0) =7ty mod Ny,

{0,1,..., N NPRACH _ 1y

having n;,; is a subcarrier selected by the MAC layer from

- Apseudo-random sequence c¢(n) is provided by Paragraph 7.2 of GPP TS36.211. A pseudo-
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random sequence generator is initialized as
[0139] A time-contiguous random access signal s(t) for a symbol group i is defined by Equation 16.

[Equation 16]

S; ( ) - ﬂNPRACHejzﬂ(ngg ()+Kk +1/2)AfRA ([_TCP )
1

[0140] Inthiscase, 0<t<Tggq+ Tcp - BNPRACH iS @ size scaling factor for following transmit power Pyprach defined

— _nNUL
in Paragraph 16.3.1 of 3GPP TS 36.213. ko = —Ngc /2
between a random access preamble and uplink data transmission. The location of the frequency domain controlled by

? kg K= Af/Afg 5 describes the difference of subcarrier spacing

RA;
a parameter Ngc (l) is derived from Paragraph 10.1.6.1 of 3GPP TS36.211. The variable Afgp is provided by Table 19.
[0141] Table 19 shows an example of random access baseband parameters .

[Table 19]
Preamble format Afga
0,1 3.75kHz

Downlink

[0142] A downlink narrowband physical channel corresponds to a set of resource elements that carry information
generated from higher layers, and is an interface defined between 3GPP TS 36.212 and 3GPP TS 36.211.
[0143] The following downlink physical channels are defined.

- Narrowband physical downlink shared channel (NPDSCH)
- Narrowband physical broadcast channel (NPBCH)
- Narrowband physical downlink control channel (NPDCCH)

[0144] A downlink narrowband physical signal corresponds to a set of resource elements used by physical layers, but
does not carry information generated from higher layers. The following downlink physical signals are defined:

A narrowband reference signal (NRS)

A narrowband synchronization signal

A narrowband physical downlink shared channel (NPDSCH)

ngmod 2 - 213 + |n /2] + NNge!! |

A scrambling sequence generator is initialized as ¢;,; = ngntr214 +
In this case, ng is the first slot of codeword transmission. In the case of NPDSCH repetitions and an NPDSCH
carrying a BCCH, a scrambling sequence generator is initialized again according to expressions described with
respect to each repetition. In the case of the NPDSCH repetitions, when an NPDSCH does not carry a BCCH, a
scrambling sequence generator is initialized again according to the above-described expressions after each

min(MNPDSCH 4
rep ’ transmission of codeword having ng and n; configured as the first slot and frame used for

repetition transmission, respectively.

[0145] Modulation is performed using a QPSK modulation method.

[0146] An NPDSCH may be mapped to one or more subframes Ngg, as provided by Paragraph 16.4.1.5 of 3GPP TS
NPDSCH
36.213. Each of the one or more subframes needs to be transmitted NPDSCH rep times.

[0147] With respect to each antenna port used for the transmission of a physical channel, the blocks
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y®(0),... y® (M:}f’mb — 1)
of complex-value symbols need to be mapped to resource elements (k,l) satisfying
all the following criteria in a current subframe.
[0148] A subframe is not used for the transmission of an NPBCH, NPSS or NSSS, and
They are assumed to be not used for an NRS by a UE, and
They do not overlap resource elements used for a CRS (if present), and
The index | of the first slot satisfies |l > Ip,tastart in @ subframe. In this case, Ipatastart iS provided by Paragraph 16.4.1.4
of 3GPP TS 36.213.
[0149] Inasequence starting at y(P)(0), mapping to the resource elements (k,I) through an antenna port p that satisfies

y®(0),... y® (Map

the above criteria of symb 1) is an increment sequence of the first index k and an index I,

which start from the first slot of the subframe and end at the second slot. In the case of an NPDSCH not carrying a
BCCH, after mapping to a subframe,

MNPDSCH _ {

[0150] Before continuing mapping to a next subframe of y(P)(-), = rep part for a subframe is repeated with
YO0). y® (M2, ~ 1)
respect to subframes. Thereafter, the mapping of y is repeated until ~ T¢P SF

y®(0),... y® (Map

symb

subframes are transmitted. In the case of an NPDSCH carrying a BCCH, ) is mapped

NPDSCH
Mrep NSF

to Ngg subframes as a sequence and is then repeated until the subframes are transmitted.

[0151] NPDSCH transmission may be configured by higher layers as transmission gaps where the NPSDCH
transmission is postponed. When R,y < Ngap threshola: @ 98P is not present in NPDSCH transmission. In this case,
Ngap,threshold IS Provided by a higher layer parameter dI-GapThreshold, and R, is provided by 3GPP TS 36.213. A
gap start frame and subframe are provided by (10n¢ +Lng/ 21) mod Ngap, period = 0- In this case, gap periodicity Ngap period
is provided by a higher layer parameter dI-GapPeriodicity. Gap duration of a plurality of subframes is provided by
Ngap,duration = Ngap,coeffNgap,period- IN this case, Ngap coeff is provided by a higher layer parameter dI-GapDurationCoeff.
In the case of an NPDSCH carrying a BCCH, transmission gaps are not present.

[0152] If a subframe is not an NB-loT downlink subframe, a UE does not expect an NPDSCH a subframe i other the
transmission of an NPDSCH carrying SystemInformationBlockType1-NB in a subframe 4. In the case of NPDSCH
transmissions, NPDSCH transmission is postponed up to a next NB-loT downlink subframe in subframes not the NB-
loT downlink subframes.

UE procedure for receiving NPDSCH
[0153] An NB-lIoT UE needs to assume a subframe as an NB-loT DL subframe in the following case.

- A UE determines that a subframe does not include NPSS/NSSS/NPBCH/NB-SIB1 transmission, and

- In the case of an NB-IoT carrier in which a higher layer parameter operationModelnfo is received, a UE obtains
SystemInformationBlockType1-NB and configures a subframe as an NB-loT DL subframe.

- Inthe case of an NB-loT carrier in which DL-CarrierConfigCommon-NB is present, a subframe is configured as an
NB-loT DL subframe by downlinkBitmapNonAnchor, that is, a higher layer parameter.

[0154] Inthe case of an NB-loT UE supporting twoHARQ-Processes-r14, a maximum of 2 downlink HARQ processes
need to be present.

[0155] When an NPDCCH having the DCI format N1, N2 ended in a subframe n intended for a UE is detected by a
given serving cell, the UE needs to startin a n + 5 DL subframe and to decode corresponding NPDSCH transmission
of an N contiguous NB-loT DL subframe(s) n; havingi =0, 1, ..., N - 1 for NPDCCH information. In this case,

The subframe n is the last subframe in which an NPDCCH is transmitted, and is determined from the start subframe of
NPDCCH transmission and the DCI subframe repetition number field of corresponding DCI;

A subframe(s) ni wherein i = 0,1, ..., N-1 is N contiguous NB-loT DL subframe(s) other than subframes used for SI
messages. In this case, n0 <n1 <..., nN-1,

N = NgepNse- In this case, the value of Nge, is determined by the repetition number field of corresponding DCI. The
value of Ng is determined by the resource allocation field of corresponding DCI.
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[0156] kg is the number of NB-loT DL subframe(s) from a DL subframe n + 5 to a DL subframe ny. In this case, kg is
determined by a scheduling delay field (Ipjay) With respect to the DCI format N1, and is kg = 0 with respect to the DCI
format N2. In the case of DCI CRC scrambled by a G-RNTI, kg is determined by a scheduling delay field (Ipejay) according
to Table 21. If not, kg is determined by a scheduling delay field (Ipg|ay) according to Table 20. The value of Ry, o follows
Lower Paragraph 16.6 of 3GPP 36.213 for a corresponding DCI format N1.

[0157] Table 20 shows an example of k for the DCI format N1.

[Table 20]
ko
foslay R < 128 | Ry > 128
0 0 0
1 4 16
2 8 32
3 12 64
4 16 128
5 32 256
6 64 512
7 128 1024

[0158] Table 21 shows an example of k, for the DCI format N1 having a DCI CRC scrambled by a G-RNTI.

[Table 21]

I Delay
0 0

N
N

12
16
32
64
128

N[ofloa|b~|[O|DN

[0159] After the end of NPUSCH transmission by a UE, the UE does not expect to receive transmissions in 3 DL
subframes.

[0160] Resource allocationinformation ofthe DCIformatN1, N2 (paging) foran NPSICH is indicated by a scheduled UE.
[0161] Table 22 shows an example of the number of subframes of an NPDSCH. The number of subframes (Ngf)
determined by a resource allocation field (Igg) in corresponding DCI according to Table 22.

[0162] A repetition number (NRep) determined by the repetition number field (IRep) in corresponding DCI according to
Table 23.

[Table 22]

Ise Nse
0 1
1 2
2 3
3 4
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(continued)

s Nsp
4 5
5 6
6 8
7 10

Table 23 shows an example of the repetition number of an NPDSCH.

[Table 23]
Irep Ngep
0 1
1 2
2 4
3 8
4 16
5 32
6 64
7 128
8 192
9 256
10 384
11 512
12 768
13 1024
14 1536
15 2048

The repetition number of an NPDSCH carrying SystemInformationBlockType1-NB is determined based on the

parameter schedulingInfoSIB1 configured by higher layers, and follows Table 24.

[0165]

Table 24 shows an example of the repetition number of an SIB1-NB.

[Table 24]
Value of schedulingIlnfoSIB1 NPDSCH repetition number
0 4
1 8
16
4
8
16

N[fofloa|b~|[O|DN
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(continued)

Value of schedulinglnfoSIB1

NPDSCH repetition number

8 16

9 4

10 8

11 16
12-15 Reserved

[0166] A start radio frame for the first transmission of an NPDSCH carrying SystemInformationBlockType1-NB is
determined according to Table 125.

[0167] Table 25 shows an example of a start radio frame for the first transmission of an NPDSCH on which an SIB1-
NB is carried.
[Table 25]
Number of NPDSCH N Neell Starting radio frame number for NB-SIB1 repetitions (nf mod
repetitions D 256)
Neell
No mod4 =0 0
Neell
Mo mod 4 = 1 16
4
Neell
Ni™ mod 4 =2 32
Neell
No mod4 =3 48
Neell
8 N mod2=0 0
Neell
N mod 2 = 1 16
Neell
N mod2=0 0
16
Neell
N mod 2 = 1 1

[0168] A start OFDM symbol for an NPDSCH is provided by the index lIpatastrart OF the first slot of a subframe k, and
is determined as follows.

- When the subframe k is a subframe used to receive an SIB1-NB,
When the value of the higher layer parameter operationModelnfo is set to ’00’ or '01’, Ip,¢astrart = 3
Otherwise, lpatastrart = 0
- Ifnot,
When the value of a higher layer parameter eutraControlRegionSize is present, Ip,tastrart iS Provided by a higher
layer parameter eutraControlRegionSize.

[0169] Otherwise, Ipatastrart = 0

UE procedure for reporting ACK/NACK

[0170] When NPDSCH transmission intended for a UE and ended in an NB-loT subframe n for which ACK/NACK
needs to be provided is detected, the use of the NPUSCH format 2 in N contiguous NB-loT UL slots by the UE needs
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to be provided and started when n + Kk - 1 DL subframe transmission of an NPUSCH carrying an ACK/NACK response
N = NAN NUL AN

is ended. In this case, Rep ™ Vslots’ and the value of = R€P s provided by a higher layer parameter ack-NACK-

NumRepetitions-Msg4 configured for an NPRACH resource associated with Msg4 NPDSCH transmission and by a

UL

higher layer parameter ack-NACK-NumRepetitions if not. The value of NS]OtS is the number of slots within a resource

unit.

[0171] A subcarrier allocated for ACK/NACK and the value of kO are determined by the ACK/NACK resource field of

the DCI format of a corresponding NPDCCH according to Table 16.4.2-1 and Table 16.4.2-2 of 3GPP TS36.213.

[0172] Narrowband physical broadcast channel (NPBCH)

[0173] A processing structure for a BCH transmission channel follows Paragraph 5.3.1 of 3GPP TS 36.212 and has

the following differences.

- Atransmission time interval (TTI) is 640ms.

- The size of a BCH transport block is configured as 34 bits.

- CRC mask for an NPBCH is selected based on 1 or 2 transmission antenna ports by an eNodeB according to Table
5.3.1.1-1 of 3GPP TS 36.212. In this case, the transmission antenna port has been defined in Section 10.2.6 of
3GPP TS 36.211.

- The number of rate matching bits has been defined in Section 10.2.4.1 of 3GPPTS 36.211.

[0174] Scrambling is performed according to Paragraph 6.6.1 of 3GPP TS 36.211 using M, indicating the number
of bits to be transmitted through an NPBCH. M,,;; is the same as 1600 with respect to a normal cyclic prefix. A scrambling

_ wyNcell
sequence is initialized as Cinit = NID with respect to radio frames satisfying ny mod 64 = 0.

[0175] Modulation is performed on each antenna port using a QPSK modulation method, and is transmitted in a
subframe 0 during 64 contiguous radio frames that starts at each radio frame satisfying n; mod 64 = 0.

[0176] Layer mapping and precoding are performed according to Paragraph 6.6.3 of 3GPP TS 36.211 wherein P e
{1,2}. AUE assumes that antenna ports Ry9o and R, ¢ are used for the transmission of a narrowband physical broadcast
channel.

[0177] The block y(P)(0),... y(P)(Msymb

0 during 64 contiguous radio frames that start at each radio frame satisfying n; mod 64 = and needs to be mapped to

- 1) of complex-value symbols for each antenna port is transmitted in a subframe

elements (k,1) not reserved for the transmission of reference signals as a sequence starting from contiguous radio frames
that start at y(0). An increment sequence is the firstindex k, and a subsequent index |. After the mapping to a subframe,
before continuing to perform mapping to the subframe 0 of y(P)(-) in a subsequent radio frame, the subframe is repeated
to the subframe 0 in 7 subsequent radio frames. The first three OFDM symbols of the subframe are not used in the
mapping process. For the mapping purpose, a UE assume narrowband reference signals for antenna ports 2000 and
2001 presentregardless of an actual configuration and cell-specific reference signals for antenna ports 0-3. The frequency

) » ] ] o Ncell ) NNcell ) )
shift of the cell-specific reference signals is calculated by substituting cell "V ID  with *¥ID in the calculation of vgp;g
of Paragraph 6.10.1.2 of 3GPP TS 36.211.

Narrowband physical downlink control channel (NPDCCH)

[0178] A narrowband physical downlink control channel carries control information. A narrowband physical control
channel is transmitted through one or an aggregation of two contiguous narrowband control channel elements (NCCEs).
In this case, a narrowband control channel element corresponds to 6 contiguous subcarriers in a subframe. In this case,
an NCCE 0 occupies subcarriers 0 to 5, and an NCCE 1 occupies subcarriers 6 to 11. An NPDCCH supports several
formats listed in Table 1-26. In the case of the NPDCCH format 1, all NCCEs belong to the same subframe. One or two
NPDCCHs may be transmitted within a subframe.

[0179] Table 26 shows an example of supported NPDCCH formats.

[Table 26]
NPDCCH format | Number of NCCEs
0 1
1 2
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[0180] Scrambling needs to be performed according to Paragraph 6.8.2 of TS36.211. A scrambling sequence needs
to be initialized at the start of a subframe kg according to Paragraph 16.6 of TS36.213 after every fourth NPDCCH

_ 9 Ncell
subframe having Cinit = lnS/ZJZ + NID " In this case, ng is the first slot of an NPDCCH subframe in which

scrambling is (re-) initialized.

[0181] Modulation is performed using a QPSK modulation method according to Paragraph 6.8.3 of TS36.211.
[0182] Layer mapping and precoding is performed according to Paragraph 6.6.3 of TS36.211 using the same antenna
port as that of an NPBCH.

[0183] The block y(0).... y(Mgymp, -1) of complex-value symbols is mapped as resource elements (k,l) in a sequence
that starts at y(0) through associated antenna ports that satisfy all the following criteria:

They are the part of an NCCE(s) allocated for NPDCCH transmission, and

They are assumed to be not used for the transmission of an NPBCH, NPSS, or NSSS, and

They are assumed to be not used for an NRS by a UE, and

They do not overlap resource elements used fora PBCH, PSS, SSS, or CRS as defined in Paragraph 6 of TS36.211
(if present), and

The index | of the first slot of a subframe satisfies | > lyppcchstart- IN this case, Iyppcchstart iS Provided by Paragraph
16.6.1 of 3GPP TS 36.213.

[0184] Mapping to a resource elements (k,I) through an antenna port p satisfying the above-described criteria is an
increment sequence of the first index k, a subsequent index I that start from the first slot of a subframe and end at the
second slot.

[0185] NPDCCH transmission may be configured by higher layers having transmission gaps where NPDCCH trans-
mission is postponed. A configuration is the same as that described with respect to the NPDSCH of Paragraph 10.2.3.4
of TS36.211.

[0186] If a subframe is not an NB-loT downlink subframe, a UE does not expect an NPDCCH in a subframe i. In the
case of NPDCCH transmissions, NPDCCH transmissions are postponed up to an NB-loT downlink subframe in subframes
not NB-loT downlink subframes.

DCI format

DCI format NO

[0187] The DCI format NO is used for the scheduling of an NPUSCH in one UL cell. The following information is
transmitted by the DCI format NO.

[0188] Flag for format NO/format N1 distinction (1 bit), subcarrier indication (6 bits), resource allocation (3 bits), sched-

uling delay (2 bits), modulation and coding method (4 bits), redundancy Version (1 bit), a repetition number (3 bits), a
new data indicator (1 bit), a DCI subframe repetition number (2 bits)

DCI format N1

[0189] The DCI format N1 is used for the scheduling of one NPDSCH codeword and a random access procedure
initiated by an NPDCCH sequence in one cell. DCI corresponding to the NPDCCH sequence is carried by an NPDCCH.
The following information is transmitted by the DCI format N1:

- Flag for format NO/format N1 distinction (1 bit), NPDCCH sequence indicator (1 bit)

[0190] TheformatN1 isusedforarandom access procedureinitiated by an NPDCCH sequence only whenan NPDCCH
sequence indicator is set to "1", a format N1 CRC is scrambled as a C-RNTI, and the remaining all fields are configured

as follows:

- The start number of NPRACH repetitions (2 bits), subcarrier indication (6 bits) of an NPRACH, and all the remaining
bits of the format N1 are set to 1.

[0191] Otherwise,

- Scheduling delay (3 bits), resource allocation (3 bits), a modulation and coding method (4 bits), a repetition number
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(4 bits), a new data indicator (1 bit), an HARQ-ACK resource (4 bits), a DCI subframe repetition number (2 bits)
When a format N1 CRC is scrambled as an RA-RNTI, the following field of the above fields is reserved.

- A new data indicator, HARQ-ACK resource
When the number of information bits of the format N1 is smaller than the number of information bits of the format
NO, zero is attached to the format N1 until a payload size becomes identical with that of the format NO.

DCI format N2

[0192] The DCI format N2 is used for paging and direct indication. The following information is transmitted by the DCI
format N2.

[0193] A flag (1 bit) for paging/direct indication distinction

where flag = 0:

- Direct indication information (8 bit), reservation information bits are added until the size becomes the same size as
the size of the format N2 where flag = 1.

where flag = 1:

- Resource allocation (3 bits), a modulation and coding method (4 bits), a repetition number (4 bits), a DCI subframe
repetition number (3 bits)

NPDCCH-related procedure

[0194] A UE needs to monitor an NPDCCH candidate set configured by higher layer signaling for control information.
In this case, the monitoring means that an attempt is made to decode each of NPDCCHs within a set according to all
monitored DCI formats.

(L'R)
[0195] An NPDCCH search space NSk within an aggregation level L’ € {1,2} and a repetition level R e
{1,2,4,8,16,32,64,128,256,512,1024,2048} is defined by a set of NPFCCH candidates. In this case, each candidate is
repeated as a set of R contiguous NB-lIoT downlink subframes other than subframes used for the transmission of Sl
messages that start in a subframe k.
[0196] The location of the start subframe k is provided by k = ky,. In this case, k = ky, is a b-th contiguous NB-loT DL

subframe in a subframe k0 other than subframes used for the transmission of SI messages b = u - R,

u=01,.. mx_q
R ’ and the subframe k0 is a subframe that satisfies a condition (10n; + Lng/ 21 mod T) = Lo et

- Tl Inthis case, T = Rphax - G, T > 4. G and o5t are provided by a higher layer parameter.

[0197] With respect to a type 1-NPDCCH common search space, k = k0, and is determined from the locations of NB-
loT paging opportunity subframes.

[0198] When a UE is configured as an NB-loT carrier by higher layers in order to monitor an NPDCCH UE-specific
search space,

The UE monitors the NPDCCH UE-specific search space through the NB-IoT carrier configured by higher layers,

The UE does not expect to receive an NPSS, NSSS, NPBCH through the NB-loT carrier configured by higher layers.
[0199] Otherwise,

The UE monitors the NPDCCH UE-specific search space through the same NB-loT carrier in which an NPSS/NS-
SS/NPBCH has been detected.

[0200] In the first slot of a subframe k, a start OFDM symbol for an NPDCCH provided by an index IyppccHstart IS
determined as follows.

[0201] If a higher layer parameter eutraControlRegionSize is present,

INPDCCHStart 1S Provided by a higher layer parameter eutraControlRegionSize.

[0202] Otherwise, IyppccHstart = 0

Narrowband reference signal (NRS)

[0203] Before a UE obtains operationModelnfo, the UE may assume that narrowband reference signals are transmitted
in a subframe #9 not including an NSSS and in subframes #0 and #4.
[0204] When the UE receives the higher layer parameter operationModelnfo indicating a guard band or standalone,
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Before the UE obtains SystemInformationBlockType1-NB, the UE may assume that narrowband reference signals are
transmitted in a subframe #9 not including an NSSS and subframes #0, #1, #3, #4.

[0205] Afterthe UE obtains SystemInformationBlockType1-NB, the UE may assume that narrowband reference signals
are transmitted in the subframe #9 not including an NSSS, the subframes #0, #1, #3, #4, and an NB-loT downlink
subframe, and does not expect narrowband reference signals in other downlink subframes.

[0206] When a UE receives a higher layer parameter operationModelnfo indicating inband-SamePCI or inband-Dif-
ferent PCI,

Before the UE obtains SystemInformationBlockType1-NB, the UE may assume that narrowband reference signals are
transmitted in a subframe #9 not including an NSSS and subframes #0, #4.

[0207] Afterthe UE obtains SystemInformationBlockType1-NB, the UE may assume that narrowband reference signals
are transmitted in the subframe #9 not including an NSSS, the subframes #0, #4, and an NB-loT downlink subframe,
and does not expect narrowband reference signals in other downlink subframes.

Narrowband primary synchronization signal (NPSS)

[0208] A sequence d|(n) used for a narrowband primary synchronization signal is generated from the Zadoff-Chu
sequence of a frequency domain according to Equation 17.

[Equation 17]
.mun(n+1)

d(mn)=SM)-e 1T , n=01-,10

[0209] Inthis case, a Zadoff-Chu root sequence index u = 5 and S(1) for different symbol indices | is provided in Table 27.
[0210] Table 27 shows an example of S(I).
[Table 27]
Cyclic prefix length S(3),...,S(13)
Normal 1‘1‘1‘1‘-1‘-1‘1‘1‘1‘-1‘1

[0211] The same antenna port needs to be used for all the symbols of a narrowband primary synchronization signal
within a subframe.
[0212] A UE should not assume that a narrowband primary synchronization signal is transmitted through the same
antenna port as a given downlink reference signal. The UE should not assume that the transmissions of a narrowband
primary synchronization signal in a given subframe use the same antenna port or ports as a narrowband primary syn-
chronization signal in given other subframes.
[0213] A sequences d|(n) needs to be mapped to resource elements (k,l) as an increment sequence of the first index
— DL
k=0,1,--, NECB —2anda subsequentindex 3.4, ZNsymb 1 in a subframe 5 within all radio frames.
With respect to resource elements (k,l) overlapping resource elements in which a cell-specific reference signals is
transmitted, a corresponding sequence element d(n) is not used for an NPSS, but is counted as a mapping process.

Narrowband secondary synchronization signals (NSSS)

[0214] A sequence d(n) used for a narrowband secondary synchronization signal is generated from a frequency
domain Zadoff-Chu sequence according to Equation 18.

[Equation 18]

.nunl(n'+1)

d(n) = bg(n) - e J2mM . 701

[0215] In this case,
n=0,1, ..., 131
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n=01,--,131
n’ = nmod 131
m = n mod 128

u = NX¢e! mod 126 + 3

PJf{fe“
:[126|

[0216] A binary sequence bq(n) is provided by Table 28. The cyclic shift 6; of a frame number n; is provided by

33
0 = T2 (ng/2) mod 4.

[0217] Table 28 shows an example of by(n).

[Table 28]

bg (0).....b, (127)

fM1t111111111111111111111111111111111111111111111111 111
T1T1M11t1t1111t 11111t 1111111111111111111111111111111111111 11
111111111111 11111111]

1 M-1-11-1111-111-11-1-11-111-11-1111-1-11-111-11-1-11-111-1-111-11
411-111-11-1-111-1-11-111-11-1-11-111-1111-11-111-111-11-1-111-1
41111-11-1-11-111-1-11111-1-11111-11-1-111-1-11-111-1]

2 M-1-11-111-1-111-11-1-11-111-11-1-111-1-11-111-1-111-11-1-111-1-11-1
1111-1-11-1111-111111111-1-11-111-1-111-11-1-11-411-11-1-111-1
11-111-1-11111-11111-11111-11-1-11-111-1-111-11-1-11]
3 M-1-11-111-1-111-11-1-11-111-11-1-111-1-11-111-1-111-11-1-111-1-11-1
11-11-1-11-111-1-11111111111-11-1-111-1-11-111-11-1-11-111-1-11
1-11-1-111111111-1-111-11-1-11-111-11-1-111-1-11-111-1]

[0218] The same antenna port needs to be used by all the symbols of a narrowband secondary synchronization signal

within a subframe.

[0219] A UE should not assume that a narrowband secondary synchronization signal is transmitted through the same

antenna port as a given downlink reference signal. The UE should not assume that the transmissions of a narrowband

secondary synchronization signal in a given subframe uses the same antenna port or ports as the narrowband secondary

synchronization signal of a given another subframe.

[0220] A sequence d(n) should be mapped to resource elements (k,I) as a sequence starts at d(0) in the sequence

NSSS

of the firstindex k through 12 allocated subcarriers and then the sequence of an index | through the last  symb symbols
NSSS

allocated in radio frames to satisfy n mod 2 = 0. In this case, symb s provided by Table 29.

[0221] Table 29 shows an example of the number of NSSS symbols.

[Table 29]
Cyclic prefix length NSSS
Nsymb
Normal 11
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Generation of OFDM baseband signal

[0222] If the higher layer parameter operationModelnfo does not indicates "inband-SamePCI" and samePCl-Indicator
does not indicate "samePCI", the time-contiguous signal s,(P)(t) through the antenna port p of an OFDM symbol | in a
downlink slot is defined by Equation 19.

[Equation 19]

[NEB/2 i2n(k+2)Af(t—Ngp; T
500 =T, lNéch/ZJ NOTRL i (4 Nees )

-y RB (p)
[0223] 0<t<(Ngp;+*N) X Tg. Inthis case, kK =k+ lec /ZJ’ N = 2048, Af = 15kHz, and A is the contents

of a resource element (k,I) through an antenna port.
[0224] When the higher layer parameter operationModelnfo indicates "inband-SamePCI" or samePCl-Indicator indi-
cates "samePCI", the time-contiguous signal s,(P)(t) through the antenna port p of an OFDM symbol I'. In this case, I' =

(ng mod 4) € {0, ...,27}
and is defined by Equation 20.

1+ Symb is an OFDM symbol index in at the start of the last even-numbered subframe,

[Equation 20]
[NRENEE /2]

-1
j2mKAf] t— T
®)py — 0 ,® ) < Nepamoa DL o ) 0, (5 P
s (0 = e o, e A eam)
k=—|NRENEE /2] k=1
) e].Z‘ITkAf(t cp, " mod ND}}'mbTS>

-y DL DL _
[0225] 0 <t<(Ngp;+ N) X Tq. In this case, if k) =k + [NRENS®/2] and k9 = K [NRENSE/2] =1

— i ¥
and a resource element (k,I') is used for narrowband loT, ek,l' - JZT[fNB—IOTTS (N + z:i=0 NCP,i mod 7) ’ and
otherwise is 0. fyg_jo7 is @ value obtained by subtracting the center frequency location of an LTE signal from the frequency

location of a carrier of a narrowband loT PRB.

[0226] In specific 3GPP spec., only a normal CP is supported for narrowband loT downlink.

[0227] Hereinafter, a physical layer process of a narrowband physical broadcast channel (NPBCH) is described more
specifically.

Scrambling

[0228] Scrambling is performed according to Paragraph 6.6.1 of 3GPP TS 36.211 using M, indicating the number of
bits to be transmitted through an NPBCH. M,;;; is the same as 1600 for a normal cyclic prefix. A scrambling sequence

NNcell

is initialized as “init = in radio frames that satisfy n; mod 64 = 0.

Modulation
[0229] Modulation is performed using the modulation method of Table 10.2.4.2-1 according to Paragraph 6.6.2 of

TS36.211.
[0230] Table 30 shows an example of a modulation method for an NPBCH.

30



10

15

20

25

30

35

40

45

50

55

EP 3 522 433 A1

[Table 30]
Physical channel | Modulation methods

NPBCH QPSK

Layer mapping and precoding

[0231] Layer mapping and precoding is performed according to Paragraph 6.6.3 of 3GPP TS 36.211 where Pe {1,2}.
A UE assumes that antenna ports Ryqq9 @and Ryq¢ are used for the transmission of a narrowband physical broadcast
channel.

Mapping to resource elements

[0232] A block y(PX0),... yP(Mgyy, - 1) of complex-value symbols for each antenna port needs to be transmitted in a
subframe 0 during 64 contiguous radio frames that start at each radio frame satisfying n; mod 64 = and needs to be
mapped to elements (k,I) not reserved for the transmission of reference signals starting from contiguous radio frames
that start at y(0) as a sequence, and needs to be an increment sequence of the first index k, a subsequent index 1. After
the mapping to the subframe, before continuing to mapping to a subframe 0 of y(P)(:) in a subsequent radio frame, a
subframe is repeated to a subframe 0 in subsequent 7 radio frames. The first three OFDM symbols of the subframe are
not used for a mapping process.

[0233] For the mapping purpose, a UE assumes narrowband reference signals for antenna ports 2000 and 2001
present regardless of an actual configuration and cell-specific reference signals for antenna ports 0-3. The frequency

) - ) ) o Ncell ) NNcell ) ]
shift of the cell-specific reference signals is calculated by substituting cell *"ID with “YID in the calculation of vy
of Paragraph 6.10.1.2 of 3GPP TS 36.211.
[0234] Information related to an MIB-NB and an SIBN1-NB is described more specifically.

MasterinformationBlock-NB

[0235] MasterinformationBlock-NB includes system information transmitted through a BCH.
Signaling radio bearer: N/A

RLC-SAP: TM

Logical channel: BCCH

Direction: E-UTRAN to UE

[0236] Table 31 shows an example of a MasterinformationBlock-NB format.

[0237] [Table 31]

—-—-ASN1START
MasterlnformationBlock-NB ::= SEQUENCE ({
systemFrameNumber-MSB-r13 BIT STRING (SIZE (4)),
hyperSFN-LSB-r13 BIT STRING (SIZE (2)),
schedulinglnfoSIB1-r13 INTEGER (0..15),
systemInfovValueTag-rl3 INTEGER (0..31),
ab-Enabled-r13 BOOLEAN,
operationModelnfo-rl13 CHOICE {
inband-SamePCI-rl3 Inband-SamePCI-NB-rl3,
inband-Different PCI-rl1l3 Inband-Different PCI-NB-rl3,
guardband-rl3 Guardband-NB-rl3,
standalone-rl3 Standalone-NB-rl3
br
} spare BIT STRING (SIZE (11)
ChannelRasterOffset-NB-rl3 ::= ENUMERATED {khz-7dot5, khz-2dot5, khz2dot5, khz7dot5}
Guardband-NB-r13 ::= SEQUENCE ({
rasterOffset-rl3 ChannelRasterOffset-NB-rl3,
} spare BIT STRING (SIZE (3))

Inband-SamePCI-NB-rl13 ::= SEQUENCE {
} eutra-CRS-Sequencelnfo-rl3 INTEGER (0..31)
Inband-Different PCI-NB-rl3 ::= SEQUENCE {

eutra-NumCRS-Ports-r13 ENUMERATED {same, four},
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rasterOffset-rl3 ChannelRasterOffset-NB-rl3,
} spare BIT STRING (SIZE (2))

Standalone-NB-rl3 ::= SEQUENCE {
} spare BIT STRING (SIZE (5))
--ASN1STOP

[0238] Table 32 shows the description of the MasterlnformationBlock-NB field.

[Table 32]

MasterInformationBlock-NB field descriptions

ab-Enabled

A value TRUE indicates that a UE should obtain SystemInformationBlockType14-NB before an RRC connection
configuration or resumption is initiated and access barring is enabled.

eutra-CRS-Sequencelnfo
Information of a carrier including an NPSS/NSSS/NPBCH.

Each value is associated with an E-UTRA PRB index as an offset in the middle of an LTE system arranged by a
channel raster offset.

eutra-NumCRS-Ports
The number of E-UTRA CRS antenna ports. A port or 4 antenna ports having the same number of NRSs.

hyperSFN-LSB

Indicate two least significant bits of a Hyper SFN. The remaining bits are present in SystemInformation BlockType1-
NB.

operationModelnfo

Refer to a deployment scenario (in-band/guard band/standalone) and related information TS 36.211 [21] and TS
36.213 [23].

Inband-SamePCl indicates in-band deployment, and an NB-loT and LTE cell share the same physical cell ID and
have the same number of NRSs and CRS ports.

Inband-Different PCI indicates in-band deployment, and an NB-loT and LTE cell have different physical cell IDs.
Guardband indicates guard band deployment.

Standalone indicates standalone deployment.

rasterOffset
an NB-loT offset from LTE channel raster.
Unit of kHz of a set {-7.5, -2.5, 2.5, 7.5}.

MasterInformationBlock-NB field descriptions

schedulingInfoSIB1
This field includes indices of a table defined in TS 36.213 [23, Table 16.4.1.3-3] that defines
SystemInformationBlockType1-NB scheduling information.

systemFrameNumber-MSB
Defines four most significant bits of an SFN. As indicated in TS 36.211 [21], six least significant bits of an SFN
are implicitly obtained by decoding an NPBCH.

systeminfoValueTag
Common for all SIBs other than an MIB-NB, SIB14-NB and SIB16-NB.

SystemInformationBlockType1-NB

[0239] A SysteminformationBlockType1-NB message includes related information when evaluating whether a UE is
permitted to access a cell, and defines the scheduling of other system information.

Signalling radio bearer: N/A

RLC-SAP: TM

Logical channel: BCCH

Direction: E-UTRAN to UE
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Table 33 shows an example of the SystemInformationBlockType1(SIB1)-NB message.

[Table 33]

- ASN1START

SystemInformationBlockType1-NB ::= SEQUENCE {

hyperSFN-MSB-r13 BIT STRING (SIZE (8)),

cellAccessRelatedInfo-r13 SEQUENCE {
plmn-ldentityList-r13 PLMN-IdentityList-NB-r13,
trackingAreaCode-r13 TrackingAreaCode,
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cellldentity-r13 Cellldentity,
cellBarred-r13 ENUMERATED {barred, notBarred},
intraFreqReselection-r13 ENUMERATED {allowed, notAllowed}
2
cellSelectioninfo-r13 SEQUENCE {
g-RxLevMin-r13 Q-RxLevMin,
g-QualMin-r13 Q-QualMin-r9
2
p-Max-r13 P-Max OPTIONAL, -- Need OP
freqBandIndicator-r13 FregBandIndicator-NB-r13,
freqBandInfo-r13 NS-PmaxList-NB-r13 OPTIONAL, -- Need OR
multiBandInfoList-r13 MultiBandInfoList-NB-r13  OPTIONAL, -- Need OR
downlinkBitmap-r13 DL-Bitmap-NB-r13 OPTIONAL, --Need OP,
eutraControlRegionSize-r13 ENUMERATED {n1, n2, n3} OPTIONAL, -- Cond inband
nrs-CRS-PowerOffset-r13 ENUMERATED {dB-6, dB-4dot77, dB-3,
dB-1dot77, dBO, dB1,
dB1dot23, dB2, dB3,
dB4, dB4dot23, dBS5,
dB6, dB7, dB8,
dB9} OPTIONAL, -- Cond inband-SamePCI
schedulingInfoList-r13 SchedulingInfoList-NB-r13,
si-WindowLength-r13 ENUMERATED {ms160, ms320, ms480, ms640,
ms960, ms1280, ms1600, spare1},
si-RadioFrameOffset-ri3  INTEGER (1..15) OPTIONAL, - Need OP
systeminfoValueTagList-r13 SystemlInfoValueTagList-NB-r13 OPTIONAL, -- Need OR
lateNonCriticalExtension OCTET STRING OPTIONAL,
nonCriticalExtension SEQUENCE {} OPTIONAL
}
PLMN-IdentityList-NB-r13 ::= SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo-
NB-r13
PLMN-Identitylnfo-NB-r13 ::= SEQUENCE {
plmn-Identity-r13 PLMN-Identity,

cellReservedForOperatorUse-r13 ENUMERATED ({reserved, notReserved},
attachWithoutPDN-Connectivity-r13 ENUMERATED {true} OPTIONAL -- Need OP

SchedulingInfoList-NB-r13 ::= SEQUENCE (SIZE (1..maxSI|-Message-NB-r13)) OF SchedulingInfo-
NB-r13
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Schedulinglnfo-NB-r13::= SEQUENCE {
si-Periodicity-r13 ENUMERATED {rf64, rf128, rf256, rf512,
rf1024, rf2048, rf4096, spare},
si-RepetitionPattern-r13 ENUMERATED {every2ndRF, every4thRF,
every8thRF, every16thRF},
sib-MappingInfo-r13 SIB-Mappinglnfo-NB-r13,
si-TB-r13 ENUMERATED {b56, b120, b208, b256, b328, b440, b552, b680}
!

SystemlInfoValueTagList-NB-r13 ::= SEQUENCE (SIZE (1.. maxSIl-Message-NB-r13)) OF
SystemInfoValueTagSI-r13

SIB-MappingInfo-NB-r13 ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type-NB-r13
SIB-Type-NB-r13 ::= ENUMERATED {
sibType3-NB-r13, sibType4-NB-r13, sibType5-NB-r13,
sibType14-NB-r13, sibType16-NB-r13, spare3, spareZ,

sparel}

--ASN1STOP

[0240] Table 34 shows the description of the SystemInformationBlockType1-NB field.

[Table 34]

SystemInformationBlockType1-NB field descriptions

attachWithoutPDN-Connectivity
If present, the field indicates that attach is supported without a PDN connection specified in TS 24.301 [35] with
respect to such a PLMN.

cellBarred
Barr means that a cell is barred as defined in TS 36.304 [4].

cellldentity
Indicate a cell identity.

cell Reserved ForOperatorUse
The same as that defined in TS 36.304 [4].

SystemInformationBlockType1-NB field descriptions

cellSelectionInfo
Cell selection information, such as that defined in TS 36.304 [4].

downlinkBitmapNB-IoT downlink subframe configuration for downlink transmission.
If a bitmap is not present, as specified in TS 36.213[23], a UE assumes that all subframes are valid (other than
subframes on which an NPSS/NSSS/NPBCH/SIB1-NB is carried).
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(continued)

eutraControlRegionSize
Indicate the control area size of an E-UTRA cell for an in-band operation mode. A unit is the number of OFDM
symbols.

freqBandIndicator
Alist, such as that defined in TS 36.101 [42, Table 6.2.4-1], with respect to the frequency band of freqBandIndicator

fregBandInfo
A list of additionalPmax and additionalSpectrumEmission, such as that defined in TS 36.101 [42, Table 6.2.4-1],
with respect to the frequency band of freqBandIndicator.

hyperSFN-MSB
Indicate eight most significant bits of a hyper-SFN. A complete hyper-SFN is constructed along with the hyper
SFN-LSB of an MIB-NB. The hyper-SFN is increased one by one when the SFN wraps around.

intraFreq Reselection
As defined in TS 36.304 [4], treated as being barred by a UE or if the most significant rank cell is barred, it is used
to control cell reselection through intra-frequency cells.

SystemInformationBlockType1-NB field descriptions

multiBandInfoList

As defined in TS 36.101 [42, Table 5.5-1], additional frequency band indicators, a list of additionalPmax and
additionalSpectrumEmission values. If a UE supports the frequency band of a freqBandIndicator IE, the frequency
band is applied. Otherwise, the first listed band supported by a UE in a multiBandInfoList IE is applied.

nrs-CRS-PowerOffset
an NRS power offset between an NRS and an E-UTRA CRS. dB unit, a default value of 0.

plmn-IdentityList
A list of PLMN identities. The first listed PLMN-Identity is a primary PLMN.

p-Max
A value applicable to a cell. If not present, a UE applies maximum power according to the UE capability.

g-QualMin
A parameter "Qqualmin” of TS 36.304 [4].

g-RxLevMin
A parameter Qrxlevmin of TS 36.304 [4]. An actual value Qrxlevmin = |E value * 2 [dB].

schedulingInfoList
Indicate additional scheduling information of S| messages.

si-Periodicity
Periodicity of an SI-message of a radio frame. For example, rf256 indicates 256 radio frames, rf512 denotes 512
radio frame, etc.

si-RadioFrameOffset
The offset of a radio frame number for calculating the start of an SI window. If the field is not present, an offset is
not applied.

SystemInformationBlockType1-NB field descriptions

si-Repetition Pattern

Indicate start radio frames within an Sl window used for S| message transmission. A value very2ndRF corresponds
to all second radio frames starting from the first radio frame of an Sl window used for Sl transmission, and a value
every4thRF corresponds to a fourth radio frame, etc.

si-TB
This field indicates an Sl transport block size as the number of bits used to broadcast a message.
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(continued)

si-WindowLength
A common Sl scheduling window for all Sls. In this case, ms160 indicates 160 milliseconds, and ms320 indicates
320 millisecond, etc.

sib-MappingInfo
A list of SIBs mapped to such a SystemInformation message. Mapping information of an SIB2 is not present; this
is always present in the first SystemInformation message listed in the schedulinginfoList list.

systeminfoValueTagList
Indicate SI message-specific value tags. As in SchedulinginfoList, this includes the entries of the same number
and is listed as the same side sequence.

systeminfoValueTagSI
An S| message-specific value tag, such as that specified in 5.2.1.3. Common to all SIBs within an SI message
other than SIB14.

trackingAreaCode
trackingAreaCode common to all PLMNs is listed.

[Table 35]
Conditional Description
presence
inband When an IE operationModelnfo of an MIB-NB is configured as inband-SamePCI or inband-
Different PCI, the field is mandatory. Otherwise, the field is not present.
inband-SamePClI When an IE operationModelnfo of an MIB-NB is configured as inband-SamePCl, the field is
mandatory. Otherwise, the field is not present.

[0241] The abbreviations and definition of terms to be described are arranged prior to the description of a method of

transmitting and receiving SIB1-NBs in a TDD NB-loT system proposed in this specification.
Abbreviation
[0242]
MIB-NB: masterinformationblock-narrowband
SIB1-NB: systeminformationblock1-narrowband
CRS: cell specific reference signal or common reference signal
ARFCN: absolute radio-frequency channel number
PRB: physical resource block
PRG: precoding resource block group
PCI: physical cell identifier
N/A: non-applicable
EARFCN: E-UTRA absolute radio frequency channel number

RRM: radio resource management
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RSRP: reference signal received power
RSRQ: reference signal received quality
TBS: transport block size
TDD/FDD: time division duplex /frequency division duplex
Definition

[0243] NB-lIoT: NB-loT enables access to a network service through an E-UTRA using a channel bandwidth limited
to 200kHz.

[0244] NB-IoT inband operation: NB-loT operates as an inband using a resource block(s) within a normal E-UTRA
carrier.

[0245] NB-IoT a guard band operation: NB-loT operates as a guard band when a resource block(s) not used within
the guard band of an E-UTRA carrier is used.

[0246] NB-IoT standalone operation: NB-IoT operates as standalone when its own spectrum is used. For example, a
spectrum used by a current GERAN system instead of one or more GSM carriers and a scattered spectrum for potential
loT deployment.

[0247] Anchor carrier: a carrier in which an NPSS/NSSS/NPBCH is transmitted with respect to TDD or an NPSS/NS-
SS/NPBCH/SIB-NB is transmitted with respect to FDD by a user equipment in NB-loT.

[0248] Non-anchor carrier: a carrier in which an NPSS/NSSS/NPBCH/SIB-NB is not transmitted with respect to FDD
or an NPSS/NSSS/NPBCH is not transmitted with respect to TDD by a user equipment in NB-loT.

[0249] Channel raster: a minimum unit by which a user equipment reads a resource. In the case of an LTE system,
channel raster has a value of 100kHz.

[0250] Furthermore, "/" described in this specification may be interpreted as "and/or." "A and/or B" may be interpreted
as the same meaning as "includes at least one of A or (and/or) B."

[0251] A method of transmitting an SIB1-NB in a TDD NB-loT system proposed in this specification hereinafter is
described more specifically.

[0252] A method proposed in this specification includes a concept in which an SIB1-NB is transmitted on a third carrier
not an anchor-carrier.

[0253] The third carrier may be referred to as the above-described non-anchor carrier.

[0254] Furthermore, a method proposed in this specification includes a series of procedures related to the interpretation
of a message included in an SIB1-NB.

[0255] A method proposed in this specification is described based on an NB-loT system, for convenience of description,
but may be applied to other communication systems having low energy/low costs, such as MTC and enhanced MTC
(eMTC).

[0256] Inthiscase,inamethod proposed in this specification, a channel, a parameter, etc. described in this specification
may be differently defined or represented depending on the characteristics of each system.

[0257] Furthermore, an overall description or procedure, etc. of the above-described NB-loT may be applied to ma-
terialize a method proposed in this specification.

[0258] A method of transmitting an SIB1-NB proposed in this specification is basically configured with (1) a carrier
location where system information is transmitted, (2) a subframe location and repetition number where an SIB1-NB is
transmitted, (3) a subframe location where an NRS may be expected without system information, (4) the interpretation
and configuration of an SIB1-NB message, (5) an operation related to the RRM or CE level of a user equipment when
system information is transmitted on a non-anchor carrier, (6) a DL/UL non-anchor carrier configuration and (7) the
number of NRS and CRS ports when an SIB1-NB is transmitted on a non-anchor carrier.

Carrier location where system information may be transmitted

[0259] First, a carrier location where system information may be transmitted is described.

[0260] If a downlink subframe is not sufficient depending on an UL/DL configuration, a base station may transmit
system information (e.g., an SIB1-NB and the remaining other SIBx-NBs separately) to a user equipment on a non-
anchor carrier.

[0261] This may be limitedly allowed only in a specific UL/DL configuration and/or may be limitedly allowed for a
specific operation mode only and/or may be limitedly allowed for only specific some repetition numbers of an SIB1-NB
and/or may be limitedly allowed depending on the number of cell specific reference signal (CRS) and narrowband
reference signal (NRS) antenna ports.
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[0262] The specific UL/DL configuration may be an UL/DL configuration in which two or more downlink subframes are
not present other than subframes #0, 5, 9 and a special subframe, for example.

[0263] The specific operation mode may be an in-band operation mode, for example.

[0264] The specific some repetition numbers of the SIB1-NB are values derived by schedulingInfoSIB1. For example,
in repetition numbers 4 and 8, the transmission of an SIB1-NB on a non-anchor carrier may not be permitted.

[0265] Furthermore, when an SIB1-NB is transmitted on a non-anchor carrier, the repetition number of an SIB1-NB
on a non-anchor carrier or the number of subframes used for SIB1-NB transmission during a specific section may be
differently interpreted depending on schedulingInfoSIB1 information within an MIB-NB and a carrier location where an
SIB1-NB is transmitted.

[0266] If an SIB1-NB is transmitted on a non-anchor carrier as described above, this may be basically divided into two
types as follows.

(1) When an SIB1-NB is transmitted on a non-anchor carrier only

(2) When an SIB1-NB is transmitted on both an anchor-carrier and a non-anchor carrier

When an SIB1-NB is transmitted on a carrier not an anchor-carrier, the operation mode of an MIB-NB may be
identically applied to the carrier of the SIB1-NB and/or a carrier on which the remaining other SIBx-NBs are trans-
mitted.

[0267] The same is true of an operation mode and all types of information within 7-bits operationModelnfo.

[0268] Furthermore, the remaining SIBx-NB not an SIB1-NB may be transmitted in a specific one non-anchor carrier.
[0269] Carrier location information of an SIB1-NB and the remaining other SIBx-NB carrier location information may
be included in an MIB-NB and SIB1-NB, respectively.

[0270] The MIB-NB and the SIB1-NB are not notified in a form, such as ARFCN-ValueEUTRA, because they may not
be transmitted using sufficient downlink resources like the remaining other SIBx-NBs.

[0271] A carrier location where an SIB1-NB is transmitted may be defined as a relative PRB location (one of one or
more pre-determined offset values) with an anchor-carrier.

[0272] Furthermore, a carrier location where the remaining SIBx-NBs are transmitted may be defined as a relative
PRB location with an anchor-carrier (one of one or more pre-determined offset values and the range of the offset values
may be the same as or different from the range of an offset value for providing notification of an SIB1-NB transmission
location) or may be defined a relative PRB location with a carrier where an SIB1-NB is transmitted.

[0273] In this case, when an SIB1-NB is transmitted on both an anchor-carrier and a non-anchor carrier, a base station
may first provide notification of a relative PRB location of the anchor-carrier with the location of the non-anchor carrier
(on which the SIB1-NB is transmitted).

[0274] This may be similarly applied to a guardband operation mode and a standalone operation mode.

[0275] That s, the guardband and standalone operation modes are used as a unit in which an PRB concept indicates
a unit of 180kHz, and may be used to express a relative location between carriers as described above.

[0276] In general, this may be different from a case where a channel number of a form, such as ARFCN-ValueEUTRA,
is used when a non-anchor carrier is configured in an NB-loT system.

[0277] Furthermore, in providing notification of the carrier location of an SIB1-NB, in order to provide notification of
the carrier location in an MIB-NB as a relative PRB interval with an anchor-carrier, the number of carriers on which an
SIB1-NB may be transmitted may need to be limited.

[0278] In this case, when the resource allocation of an LTE system is considered (e.g., when the unit of a PRG and
RBG is considered), a non-anchor carrier on which an SIB1-NB may be transmitted needs to include at least one high
value and one low value from the viewpoint of the frequency rather than an anchor carrier.

[0279] The same is true of a case where an SIB1-NB may be transmitted on a non-anchor carrier in the guardband
operation mode.

[0280] Of course, the same is true of a case where an SIB1-NB may be transmitted on a non-anchor carrier even in
the standalone operation mode.

[0281] For example, in the case of an n-band operation mode, if the location of an anchor-carrier corresponds to a
PRB k-th within an LTE system band, a non-anchor carrier location on which an SIB1-NB may be transmitted needs to
include at least one value smaller than k and at least one value greater than k.

[0282] If two PRB locations lower than k and two PRB locations higher than k are included in a non-anchor carrier on
which an SIB1-NB may be transmitted, the PRB index of the non-anchor carrier on which an SIB1-NB may be transmitted
may be represented as a sequence {k-k1, k-k2, k+k3, k+k4} from a low PRB number.

[0283] In this case, "2" is only an embodiment and may be a value greater than another value 1 or 2. Furthermore,
the numbers of non-anchor carriers on which the SIB1-NBs of a PRB location lower than k and a PRB location lower
than k may be transmitted may not be the same.

[0284] In this case, k1 and k2, k3, k4 may not have a specific relation.
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[0285] However, the numbers may be defined to have values, such as "k1 and k4." Likewise, the numbers may be
defined to have values, such as "k2 and k3."

[0286] In other words, {k-k1, k-k2, k+k2, k+k1} is obtained, and k1 and k2 may be contiguous values, but k2 may be
a value smaller than 1.

[0287] The reason for this is that a base station does not want to use N PRBs neighboring an anchor-carrier for the
power boosting of the anchor-carrier.

[0288] If such a limit is not present, k1 and k2 may be selected as 2 and 1, respectively.

[0289] As described above, an MIB-NB may indicate a carrier location k' where an SIB1-NB is transmitted within a
non-anchor carrier set on which the SIB1-NB may be transmitted.

[0290] This may be implemented by newly adding an independent field within the MIB-NB.

[0291] Furthermore, k1 and k2 (also k3 and k4) may be configured as different values depending on the operation
mode of an anchor-carrier or the operation mode of a non-anchor carrier on which an SIB1-NB is transmitted or the
operation mode of an anchor-carrier and the operation mode of a non-anchor carrier on which an SIB1-NB is transmitted.
[0292] In the description, in a specific filed of an MIB-NB used to indicate the carrier location of an SIB1-NB, one state
may mean that the SIB1-NB is transmitted on an anchor carrier.

[0293] Alternatively, an independent one field-A (e.g., defined as 1bit) may be used to provide notification of whether
an SIB1-NB is transmitted on an anchor carrier.

[0294] Insuch acase, whether a field-B (different information configured as 1 bit or more) is present or an interpretation
method of the field-B may be different depending on an interpretation of a field-A.

[0295] For example, when it is indicated that an SIB1-NB is transmitted on an anchor carrier in the field-A, a user
equipment does not expect the field-B or may interpret the field-B as information on the location of a subframe in which
the SIB1-NB may be transmitted within the anchor carrier.

[0296] When it is indicated that an SIB1-NB is transmitted on a non-anchor carrier in the field-B, a user equipment
may use the field-B to obtain information on a carrier on which an SIB1-NB is transmitted.

[0297] When an SIB1-NB is not transmitted on an anchor carrier, if a case where the SIB1-NB is "transmitted on only
a non-anchor carrier" or a case where the SIB1-NB may be transmitted on both an "anchor-carrier and non-anchor
carrier" may be selected by an MIB-NB, the field-A may have a size of at least 2 bits.

[0298] The above-described SIB-NB transmission carrier location may be different in each cell depending on a cell
identifier (ID).

[0299] Forexample, a setof carriers on which an SIB1-NB may be transmitted may be differently configured depending
on the cell ID.

[0300] Furthermore, the interpretation of the location of a carrier on which an SIB1-NB may be transmitted may be
defined to also include cell ID information along with information indicated in an MIB-NB.

[0301] If it is necessary to indicate the location k’ of a carrier on which an SIB1-NB is transmitted or the location of a
subframe in which an SIB1-NB is transmitted using a different method within a non-anchor carrier set depending on an
operation mode, an MIB-NB may use the following methods.

[0302] Characteristically, the following methods are methods capable of using some statuses that are not used among
7 bits operationModelnfo within the MIB-NB.

(1) Use in-band different PCI field

[0303]

- acarrier (on which an SIB1-NB is transmitted) may be indicated using "eutra-CRS-Sequencelnfo" 5bits

- when an SIB1-NB is transmitted on an anchor carrier, a subframe #0, 8 or other subframe may be indicated using
some bits of "eutra-CRS-Sequencelnfo".

(2) Use Guardband field

[0304]

- acarrier (on which an SIB1-NB is transmitted) may be indicated using "eutra-CRS-Sequencelnfo" 5bits.

- when an SIB1-NB is transmitted on an anchor carrier, a subframe #0, 8 or other subframe may be indicated using
some bits of "eutra-CRS-Sequencelnfo”.

(3) Use Standalone field

[0305]
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- acarrier (on which an SIB1-NB is transmitted) may be indicated using "eutra-CRS-Sequencelnfo" 5bits.
- when an SIB1-NB is transmitted on an anchor carrier, a subframe #0, 8 or other subframe may be indicated using
some bits of "eutra-CRS-Sequencelnfo”.

[0306] If an anchor-carrier is the guard band operation mode, the operation mode of a carrier on which an SIB1-NB
may be transmitted may also be limited to the guard band operation mode.

[0307] This is for avoiding confusion in the information interpretation and application of an MIB-NB and an SIB1-NB
between an anchor-carrier and a non-anchor carrier on which the SIB1-NB is transmitted.

[0308] In such a case, that is, if an operation mode is designated as a guard-band in an MIB-NB and an SIB1-NB
carrier is designated as a non-anchor carrier, the SIB1-NB may be limited to be positioned in a guard-band on the side
opposite to a guard-band including an anchor-carrier in an in-band system (LTE system).

[0309] This is different depending on the size of a guard-band. In general, this may be indirectly calculated based on
the bandwidth of in-band LTE.

[0310] That is, when the bandwidth of an in-band LTE system is small, the number of (non-)anchor carriers capable
of serving NB-loT of a 180kHz bandwidth in a left/right (or up/down) guard-band may be limited.

[0311] Accordingly, when a user equipment can be aware of the bandwidth of an in-band LTE system, the user
equipment may easily calculate the location of a carrier on the opposite side where an SIB1-NB is transmitted.

[0312] For example, when an anchor-carrier is a guard band operation mode and an SIB1-NB is transmitted on a non-
anchor carrier, a user equipment may be notified of a system bandwidth using unused bits or reserved bits or unused
states of an MIB-NB. The user equipment may be aware of a non-anchor on which the SIB1-NB is transmitted on the
opposite side based on the system bandwidth.

[0313] Furthermore, if the bandwidth of an in-band LTE system is wide, that is, in a guard-band widened compared
to an in-band system bandwidth, a non-anchor carrier neighboring an anchor-carrier may be present even within a guard-
band on one side.

[0314] If such a case is considered, when an anchor-carrier is a guard band operation mode, the number of carriers
on which an SIB1-NB may be transmitted may be 4.

[0315] Thatis, 1) an SIB1-NB may be transmitted on an anchor carrier, 2) an SIB1-NB may be transmitted on a left
(or down) non-anchor carrier neighboring an anchor-carrier, 3) an SIB1-NB may be transmitted on a right (or up) non-
anchor carrier neighboring an anchor-carrier, 4) an SIB1-NB may be transmitted on a non-anchor carrier symmetrical
(or measurement relation location) to an anchor-carrier in a guard-band on the side opposite to a guard-band to which
the anchor-carrier belongs on the basis of an in-band system.

[0316] In this case, the definition of the neighboring carrier or the symmetric carrier on the opposite side means a
logical relation. A physical relation (anchor-carrier and non-anchor carrier on which an SIB1-NB is transmitted) may be
pre-defined or configured as a specific equation, etc. in 3GPP TS 36.xxx.

[0317] When an SIB1-NB is transmitted on a non-anchor carrier, a combination of an anchor-carrier and the non-
anchor carrier on which an SIB1-NB is transmitted may be the same as 1) to 3) below.

1) In-band anchor carrier + in-band non-anchor carrier
[0318]

- Same PCI + same PCI
- Different PCI + different PCI

2) Guard-band anchor carrier + guard-band non-anchor carrier (or in-band non-anchor carrier)
[0319]

- Guard-band (up/down) + guard-band (up/down)

- Guard-band (up/down) + guard-band (down/up)

- Guard-band (up/down) + inband same PCI

- Guard-band (up/down) + inband different PCI
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3) Standalone anchor carrier + standalone non-anchor carrier

[0320] In this case, in the case of the guard band operation mode, up and down mean an upper or lower frequency
location in a frequency region based on each inband.

[0321] Furthermore, in accordance with a table - arranged based on 3GPP TS 36.104, if an inband bandwidth is 3MHz
or less, the guard band operation mode is not used.

[0322] Furthermore, if the guard band operation mode is used, it is recommended that the location of a carrier is used
from a carrier closest to an inband.

[0323] Table 36 is a table showing an example of NB-loT operation modes that may be permitted in system bands.

[Table 36]
System bandwidth 1.4MHz | 3MHz 5MHz 10MHz 15MHz 20MHz
Ngrg 6 15 25 50 75 100
In-band N/A 9 19 44 69 94
ﬁngB Guardband N/A N/A >0, but according to TS 36.104, it should be pla(?ed adjacent to the
carriers LTE PRB edge as close as possible

Standalone N/A N/A N/A N/A N/A N/A

[0324] In order to determine a combination of the listed anchor-carrier and non-anchor carrier used to transmit an
SIB1-NB, there is a method using unused or reserved bits of operationModelnfo-r13 7 bits of an MIB-NB.

[0325] Hereinafter, b1, b2, ..., bN are represented in order to logically distinguish between unused or reserved bits in
a bit unit when the number of unused or reserved bits is N.

[0326] b(n-1) and bn may not be contiguous, and b1 may not be the first or last bit of unused or reserved bits. In this
case, n is a natural number between 1 to N.

1. inband-SamePClI-r13
[0327]

1) eutra-CRS-Sequencelnfo-r13 {0..31}
2) reserved bits: 0

2. inband-Different PCl-r13
[0328]

1) eutra-NumCRS-Ports-r13 {same, four}
2) fasterOffset-r13 {-7.5, -2.5, 2.5, 7.5}
3) Reserved bits: 2

[0329] The inband-Different PCI (physical cell ID) mode may be used to provide notification of whether an SIB1-NB
is directly transmitted on an anchor carrier or transmitted on a non-anchor carrier in a reserved bit.

[0330] Thatis, when an anchor-carrier is an inband-Different PCl mode, "11 spare bits for future extension" of an MIB-
NB may not be used to represent information on a carrier on which an SIB1-NB is transmitted.

[0331] Furthermore, some bit(s) of 2 reserved bits may be used to provide notification of location information of a
corresponding carrier when an SIB1-NB is transmitted on a non-anchor carrier.

[0332] As asimple embodiment, the location of a non-anchor carrier on which an SIB1-NB is transmitted may be used
to determine {0, -2G, -G, +G} using 2 bits based on an anchor-carrier.

[0333] In this case, G may be mapped as a PRB value or 180kHz x G.

[0334] Furthermore, the value G be indicated using the remaining unused bit(s).

[0335] Furthermore, 0 may mean that an SIB1-NB is transmitted on an anchor-carrier.
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3. guardband-r13
1) rasterOffset-r13 {-7.5, -2.5, 2.5, 7.5}

[0336] A user equipment may be aware whether an anchor-carrier is relatively a low frequency or a high frequency
from an inband bandwidth based on the rasteroffset-r13 information.

[0337] A user equipment may determine whether inband bandwidth information is (5MHz or 15MHz) or (10MHz or
20MHz).

[0338] That is, the user equipment cannot identify a value between 5MHz and 15MHz and does not identify a value
between 10MHz and 20MHz, but may identify at least two groups.

[0339] In this case, channel raster indicates a minimum unit by which the user equipment reads a resource. In the
case of an LTE system, channel raster has a value of 100kHz.

[0340] A user equipment sequentially monitors frequency values corresponding to a minimum frequency bandwidth
(6RB, 1.08MHz) as possible at channel raster (e.g., 100kHz) intervals.

[0341] Thechannelraster offset may have four values of +2.5kHz (+2.5kHz, -2.5kHz) and =7.5kHz (+7.5kHz, -7.5kHz),
for example.

[0342] The values may indicate a value obtained by subtracting an integer multiple of 100kHz from the center frequency
of a PRB based on 100kHz (the center frequency of PRB - a multiple of 100kHz).

2) reserved bits: 3

[0343] Unused 3 bits may be used to determine the operation mode of a non-anchor carrier on which an SIB1-NB is
transmitted as follows.

[0344] Furthermore, some of the following cases may be omitted.

[0345] That is, the case of Guard-band (up/down) + inband same PCI may not be present.

@ b1

[0346] This value may be used to clearly determine bandwidth information of an inband not distinguished based on
the above rasterOffset-r13.

@ {b2,b3}

[0347] In the above-described "combination of an anchor-carrier and a non-anchor carrier on which an SIB1-NB is
transmitted", when a guard-band is an anchor-carrier, 2 bits may be used as follows in order to determine the operation
mode of a non-anchor carrier on which an SIB1-NB is transmitted and the guard-band location of a non-anchor carrier
on which an SIB1-NB is transmitted (non-anchor carrier the same side as the anchor-carrier or non-anchor carrier on
the side opposite to the anchor-carrier).

A. Guard-band (up/down) + guard-band (up/down)

[0348] Thisindicates thata non-anchor carrier on the same side as an anchor-carrier is used for SIB1-NB transmission.
For example, {b2,b3}={0,0}.

[0349] For example, when a non-anchor carrier on which an SIB1-NB is transmitted in the reserved bits of an MIB-
NB has been indicated to be a neighbor high (or low) frequency compared to an anchor carrier, a user equipment may
assume that a corresponding guard-band is indirectly locationed in a frequency higher (or lower) than the frequency of
an LTE system.

[0350] A non-anchor carrier on which an SIB1-NB is transmitted may be calculated to be 180kHz higher (or lower)
than an anchor carrier frequency.

[0351] The reason for this is that there is an assumption that an anchor-carrier deployed in the guard-band primarily
uses the closest frequency in the LTE in-band.

B. Guard-band (up/down) + guard-band (down/up)
[0352] This indicates that a non-anchor carrier on the side opposite to an anchor-carrier is used for SIB1-NB trans-
mission.

[0353] For example, when an anchor-carrier is a high frequency (up) from an in-band, a non-anchor carrier on which
an SIB1-NB is transmitted may be a low frequency (down) from the in-band. For example, {b2,b3}={0,1}.
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[0354] For example, if a non-anchor carrier on which an SIB1-NB is transmitted has been indicated to be a neighbor
high (or low) frequency compared to an anchor carrier in the reserved bits of an MIB-NB, a user equipment may assume
that a corresponding guard-band is indirectly positioned in a lower (or higher) frequency than the frequency of an LTE
system.

[0355] A non-anchor carrier on which an SIB1-NB is transmitted may be calculated to be higher (or lower) than an
anchor carrier frequency by the sum of the in-band bandwidth (assuming that it may be obtained by the description) of
an LTE system, 180kHz, and an offset (it may be a different value depending on an LTE system bandwidth and may be
a value of 0 or 45kHz, for example).

[0356] The reason for this is that there is an assumption that an anchor-carrier deployed in the guard-band primarily
uses the closest frequency in the LTE in-band.

C. Guard-band (up/down) + inband same PCI

[0357] A non-anchor carrier on which an SIB1-NB is transmitted is present in an in-band and may indicate the same
PCI mode. For example, {b2,b3}={1,0}.

[0358] In this case, in order to demodulate and decode the SIB1-NB, a user equipment needs to be aware of the
number of NRS ports and an accurate location of a non-anchor carrier on which the SIB1-NB is transmitted.

[0359] First, the number of NRS ports may be assumed to be the same as a value obtained from an anchor-carrier.
[0360] Furthermore, an accurate location of a non-anchor carrier on which an SIB1-NB is transmitted may be calculated
based on in-band bandwidth information obtained by combining the above-described rasterOffset-r13 and b1 and location
information of a non-anchor carrier on which an SIB1-NB is transmitted within the in-band.

[0361] The corresponding information may be used as the same purpose as information transmitted through eutra-
CRS-Sequencelnfo-r13 in the in-band operation mode.

[0362] As a simple embodiment, when an in-band bandwidth obtained by combing rasterOffset-r13 and b1 is 20MHz
and an anchor-carrier is a low frequency (low frequency on the basis of a PRB index 0), the CRS location and sequence
of a non-anchor carrier on which an SIB1-NB is transmitted may be precisely calculated when a PRB index 0 is obtained.
[0363] For example, if a non-anchor carrier on which an SIB1-NB is transmitted has been indicated to be a neighbor
high (or low) frequency compared to an anchor carrier in the reserved bits of an MIB-NB, a user equipment may assume
that a corresponding guard-band is indirectly locationed in a frequency lower (or higher) than the frequency of an LTE
system.

[0364] The user equipment may calculate the PRB index of the non-anchor carrier on which an SIB1-NB is transmitted
as a value 0 (the greatest PRB index supported in an LTE system bandwidth).

[0365] The reason for this is that there is an assumption that an anchor-carrier deployed in the guard-band primarily
uses the closest frequency in the LTE in-band.

D. Guard-band (up/down) + inband different PCI

[0366] A non-anchor carrier on which an SIB1-NB is transmitted is present in an inband, and may indicate a different
PCIl mode. For example, {b2,b3}={1,1}. In this case, in order to be precisely aware of SIB1-NB rate-matching information,
it is necessary to be precisely aware of the number of CRS antenna ports of an inband.

[0367] As the simplest method, the number of CRS ports may be defined to be always 4 or the number of NRS and
CRS ports may be re-defined as a specific combination.

[0368] For example, {the number of NRS ports, the number of CRS ports} may be defined like {1, 2}, {2, 4} or {1, 4},
{2, 1}. In such a case, an accurate number of CRS ports of an in-band may be indicated in an SIB1-NB.

[0369] For example, if a non-anchor carrier on which an SIB1-NB is transmitted has been indicated to be a neighbor
high (or low) frequency compared to an anchor carrier in the reserved bits of an MIB-NB, a user equipment may assume
that a corresponding guard-band is indirectly positioned in a frequency lower (or higher) than the frequency of an LTE
system.

[0370] The user equipment may calculate the PRB index of the non-anchor carrier on which an SIB1-NB is transmitted
as a value 0 (the greatest PRB index supported in an LTE system bandwidth). The reason for this is that there is an
assumption that an anchor-carrier deployed in the guard-band primarily uses the closest frequency in the LTE in-band.
[0371] Inthe Ato D, the case of C (Guard-band (up/down) + inband same PCI) is not considered, both {1,0} and {1,1}
of {b2,b3} are assumed to be a Guard-band (up/down) + inband different PCl combination, and {1,0} and {1,1} information
may be used to represent the number of CRS ports.

[0372] This may be defined identically with eutra-NumCRS-Ports-r13 information of Inband-Different PCI-NB-r13.
[0373] That is, the information of {1,0} and {1,1} of {b2,b3} may be used to indicate that the number of CRS ports of
an inband non-anchor carrier on which an SIB1-NB is transmitted is the same as the number of NRS ports of an anchor-
carrier or 4.
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[0374] Inthe Ato D, if an NB-IoT carrier is deployed in the guard-band, an offset may be defined between an in-band
edge and a guard-band depending on an LTE system bandwidth.

[0375] For example, the offset value may be 45kHz, which may be a different value depending on the bandwidth.
[0376] In general, the corresponding value may be determined based on the RF requirement of a base station/user
equipment, such as TS36.104, etc.

[0377] The offset may be explicitly defined between the in-band edge and the guard-band depending on an LTE system
bandwidth in 3GPP TS 36.xxx.

[0378] A user equipment may differently determine whether to apply the offset value in interpreting he reserved bit.
[0379] Forexample, ifan anchor-carrier is the guard band operation mode and an SIB1-NB is transmitted on a neighbor
in-band non-anchor carrier, an actual location of the neighbor in-band non-anchor carrier may be calculated by applying
the offset or not depending on an LTE system bandwidth.

[0380] Likewise,ifanSIB1-NBis transmitted on a guard-band onthe side opposite to an anchor-carrier, a corresponding
location may be calculated by applying an offset between a guard-band edge and an in-band edge or not depending on
an LTE system bandwidth.

[0381] ® {b2,b3}-a method of using {b2,b3} if a case where a non-anchor carrier on which an SIB1-NB is transmitted
is transmitted on an in-band on the side opposite to an anchor carrier based on an LTE center carrier (fc) is not supported
is described.

[0382] If an SIB1-NB is transmitted on a non-anchor carrier and a relative location (higher/lower frequency based on
an anchor-carrier, for example,) of the corresponding non-anchor carrier is notified using the reserved bit(s) of an MIB-
NB, a user equipment may be aware whether the corresponding non-anchor carrieris anon-anchor carrier of a neighboring
guardband or corresponds to the lowest/highest PRB location of an LTE in-band neighboring the anchor-carrier.
[0383] That is, when an anchor carrier is positioned in a guardband, if the anchor carrier is permitted to include only
a carrier closest to an in-band edge (in-band edge among guardband NB-loT carriers permitted in the in-band edge
defined in the RAN4 standard or standard. This may be defined as a value of OHz or 45kHz, etc. depending on an in-
band system bandwidth in 3GPP TS 36.xxx document) or if the anchor-carrier is the guardband operation mode, if there
is a condition that an SIB1-NB must be closest to an LTE in-band edge at least in order to transmit the SIB1-NB on a
non-anchor carrier, whether the corresponding non-anchor carrier is the in-band operation mode may be aware based
on only information (information obtained from the reserved bits of an MIB-NB) on the non-anchor carrier (on which the
SIB1-NB is transmitted) from the anchor carrier.

[0384] The reason for this is that when an anchor carrier is positioned in the guard band, whether it is the guard band
of a low frequency or the guard band of a high frequency from the center frequency of an LTE in-band can be aware
based on rasterOffset-r13.

[0385] In this case, when the non-anchor carrier on which an SIB1-NB is transmitted is positioned in the guardband,
there is a problem in that whether the non-anchor carrier is positioned on the same side as the anchor-carrier (a relatively
low or high frequency from the LTE center frequency) or positioned on the side opposite to the anchor-carrier is unaware.
[0386] In this case, when the non-anchor carrier is transmitted in the guardband on the side opposite to the anchor
carrier, it is assumed that only a frequency symmetrical to the anchor-carrier based on the LTE center frequency is
permitted.

[0387] One state of {b2,b3} may be used to determine location (the same side or opposite side) information of the
above-described guardband.

[0388] For example, when an anchor-carrier is lower than an LTE center frequency (fc), when a relative frequency
location of an SIB1-NB non-anchor carrier obtained from an MIB-NB reserved bit is lower than that of an anchor carrier,
it may be aware that the corresponding non-anchor carrier is a guardband on the same side as the anchor carrier.
[0389] When a non-anchor carrier on which an SIB1-NB is transmitted is higher than that of an anchor carrier, it may
be aware that the corresponding non-anchor carrier is an LTE in-band edge (the lowest PRB index).

[0390] In the above-described case, if the relative frequency location of the SIB1-NB non-anchor carrier is assumed
to be lower than that of the anchor carrier, when the state1 of {b2,b3} is indicated, it may be interpreted that the corre-
sponding non-anchor carrier is positioned in a guardband symmetric to LTE fc on the side opposite to the anchor carrier.
[0391] Furthermore, the remaining state2, state3, state4 may be used to determine an operation mode and the number
of CRS ports when an SIB1-NB non-anchor carrier obtained from an MIB-NB is positioned in the most neighbor in-band
PRB from an anchor carrier.

[0392] For example, the state2 may indicate that a corresponding non-anchor carrier is an in-band samePCI mode.
[0393] In this case, the number of CRS ports may be assumed to be the same as the number of NRS ports of an
anchor-carrier.

[0394] The state3 and state4 may be used to additionally indicate the number of CRS ports when a corresponding
non-anchor carrier is an in-band different PCI mode.

[0395] Thatis, when the state3 is indicated, it may be assumed that a corresponding non-anchor carrier is an in-band
different PCl mode and the number of CRS ports is the same as the number of NRS ports of an anchor-carrier.
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[0396] When the state4 is indicated, a corresponding non-anchor carrier is an in-band different PCl mode and the
number of CRS ports is 4.

[0397] 4. standalone-r13

reserved bits: 5

In the case of the standalone mode, this may be used to provide notification whether an SIB1-NB is directly transmitted
on an anchor-carrier or transmitted on a non-anchor carrier in the reserved bit of the standalone-r13 field.

[0398] Thatis, if an anchor-carrier is the standalone mode, the "11 spare bits for future extension" of an MIB-NB may
not be used to represent information on a carrier on which an SIB1-NB is transmitted.

[0399] Furthermore, some bit(s) of 5 reserved bits of the standalone-r13 field may be used to provide notification of
location information of a corresponding carrier if they correspond to a case where an SIB1-NB is transmitted on a non-
anchor carrier.

[0400] As a simple embodiment, 2 bits of the 5 reserved bits of the standalone-r13 field may be used to determine the
location of a non-anchor carrier on which an SIB1-NB is transmitted based on an anchor-carrier {-2G, -G, +G, +2G}.
[0401] In this case, G may be mapped as a virtual PRB value or 180kHz x G.

[0402] Furthermore, the value G may be indicated using the remaining unused bit(s).

[0403] Furthermore, relative frequency location information of a non-anchor carrier on which an SIB1-NB is transmitted
from an anchor-carrier (information indicating whether the frequency location is higher or lower than the anchor carrier)
is obtained through another signaling of an MIB-NB. The relative offset size of the anchor-carrier and the non-anchor
carrier may be notified using some of corresponding reserved bits.

[0404] That is, in the example, when the location of a carrier used for SIB1-NB transmission is obtained as -G or +G
logical or absolute frequency unit (Hz) information from an anchor-carrier through another -bit information of an MIB-
NB, a detailed G value may be defined using some of the reserved 5 bits of the standalone-r13 field.

[0405] In this case, the G value may not be an integer.

[0406] Forexample, in the case of the standalone operation mode, a band that may be occupied by an NB-IoT carrier
may be defined as 200kHz not 180kHz in order to add an explicit guard-band (guard band for reducing an interference
influence between neighbor channels or carriers not the NB-loT operation mode) to an NB-IoT standalone carrier.
[0407] In such a case, the relative frequency location of a non-anchor carrier on which an SIB1-NB is transmitted with
respect to an anchor carrier may need to be defined as a 200kHz unit not 180kHz.

[0408] This value may be different depending on the carrier frequency (e.g., EARFCN).

[0409] Thatis, a method of converting the relative frequency location of a non-anchor carrier on which an SIB1-NB is
transmitted with respect to an anchor carrier into the center frequency value of an actual non-anchor carrier may be
different depending on the operation mode.

[0410] In particular, the standalone operation mode may be interpreted as an offset unit having a different value (index)
indicated in an MIB-NB.

[0411] If the above-described methods are used, when an anchor-carrier is the guard band operation mode as in FIG.
8 or 9, the location and operation mode of a non-anchor carrier on which an SIB1-NB may be transmitted may be
transmitted to a user equipment.

[0412] Furthermore, in the number of two cases of a combination of states not used in FIGS. 8 and 9, a non-anchor
carrier on which an SIB1-NB is transmitted may be used to indicate a non-anchor carrier, not neighboring in an LTE in-
band, as a carrier on which an SIB1-NB is transmitted in a guard-band on the side opposite to an anchor carrier.
[0413] FIG. 8 is a diagram showing an example of a method for interpreting signaling information of an SIB1-NB non-
anchor carrier in a MIB-NB when an anchor carrier proposed in this specification is a guard band operation mode.
[0414] In drawings corresponding to the LTE in-bands of FIG. 8, a slashed part indicates an LTE bandwidth.

[0415] The LTE bandwidth may be obtained using 1 additional bit in rasterOffset-r13 in guardband-r13 and guardband-
r13 of an MIB-NB.

[0416] In the drawing corresponding to Example 1 of FIG. 8, the first slashed part on the left side of the LTE band
means "when SIB1-NB non-anchor carrier is indicated by 1 bit in MIB-NB as the lower PRB relative to anchor PRB and
2 spare bits in guardband-r13 is "0"."

[0417] Furthermore, in the drawing corresponding to Example 1 of FIG. 8, the second slashed part on the left side of
the LTE band means "anchor carrier (its relative location to LTE in-band can be obtained by using rasterOffset-r13 in
guardband-r13 of MIB-NB)."

[0418] Furthermore, in the drawing corresponding to Example 1 of FIG. 8, the third slashed part on the left side of the
LTE band (i.e., the left part (PRB) of the LTE band means "when SIB1-NB non-anchor carrier is indicated by 1 bit in
MIB-NB as the higher PRB relative to anchor PRB and 2 spare bits in guardband-r13 is '2’(in-band different PCI) or
’3’(in-band same PCI)."

[0419] Furthermore, in the drawing corresponding to Example 1 of FIG. 8, the first slashed part (PRB) on the right
side of the LTE band means "when SIB1-NB non-anchor carrier is indicated by 1 bitin MIB-NB as the higher PRB relative
to anchor PRB and 2 spare bits in guardband-r13 is "1"."
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[0420] Furthermore, in a drawing corresponding to Example 2 of FIG. 8, the first slashed part on the left side of an
LTE band means "when SIB1-NB non-anchor carrier is indicated by 1 bit in MIB-NB as the lower PRB relative to anchor
PRB and 2 spare bits in guardband-r13 is "1"."

[0421] Furthermore, in the drawing corresponding to Example 2 of FIG. 8, the first slashed part on the right side of
the LTE band I (i.e., the right part (PRB) of the LTE band) means "when SIB1-NB non-anchor carrier is indicated by 1
bit in MIB-NB as the higher PRB relative to anchor PRB and 2 spare bits in guardband-r13 is '2’ (in-band different PCI)
or '3’ (in-band same PCI)."

[0422] Furthermore, in the drawing corresponding to Example 2 of FIG. 8, the second slashed part on the right side
of the LTE band means "anchor carrier(its relative location to LTE in-band can be obtained by using rasterOffset-r13 in
guardband-r13 of MIB-NB)."

[0423] Furthermore, in the drawing corresponding to Example 2 of FIG. 8, the third slashed part (PRB) on the right
side of the LTE band means "when SIB1-NB non-anchor carrier is indicated by 1 bitin MIB-NB as the higher PRB relative
to anchor PRB and 2 spare bits in guardband-r13 is "0"."

[0424] All the PRBs corresponding to the slashed parts in Examples 1 and 2 of FIG. 8 are non-anchor carriers used
for SIB1-NB transmission.

[0425] FIG. 9is a diagram showing another example of a method for interpreting signaling information of an SIB1-NB
non-anchor carrier in a MIB-NB when an anchor carrier proposed in this specification is a guard band operation mode.
[0426] In drawings corresponding to LTE in-bands of FIG. 9, a slashed part indicates an LTE bandwidth.

[0427] The LTE bandwidth may be obtained using 1 additional bit in rasterOffset-r13 in guardband-r13 and guardband-
r13 of an MIB-NB.

[0428] In the drawing corresponding to Example 1 of FIG. 9, the first slashed part on the left side of the LTE band
means "when SIB1-NB non-anchor carrier is indicated by 1 bit in MIB-NB as the lower PRB relative to anchor PRB and
2 spare bits in guardband-r13 is "0"."

[0429] Furthermore, in the drawing corresponding to Example 1 of FIG. 9, the second slashed part on the left side of
the LTE band means an "anchor carrier (its relative location to LTE in-band can be obtained by using rasterOffset-r13
in guardband-r13 of MIB-NB)."

[0430] Furthermore, in the drawing corresponding to Example 1 of FIG. 9, the third slashed part on the left side of the
LTE band (i.e., the left part (PRB) of the LTE band) means "when SIB1-NB non-anchor carrier is indicated by 1 bit in
MIB-NB as the higher PRB relative to anchor PRB and 2 spare bits in guardband-r13 is '2’(in-band different PCI) or
’3’(in-band same PCI)."

[0431] In the drawing corresponding to Example 1 of FIG. 9, the first slashed part on the right side of the LTE band
(i.e., the right part (PRB) of the LTE band) means "when SIB1-NB non-anchor carrier is indicated by 1 bit in MIB-NB as
the higher PRB relative to anchor PRB and 2 spare bits in guardband-r13 is "2’ (in-band different PCI) or ’3’ (in-band
same PCI)."

[0432] Furthermore, in the drawing corresponding to Example 1 of FIG. 9, the second slashed part (PRB) on the right
side of the LTE band means "when SIB1-NB non-anchor carrier is indicated by 1 bitin MIB-NB as the higher PRB relative
to anchor PRB and 2 spare bits in guardband-r13 is "1"."

[0433] Furthermore, in the drawing corresponding to Example 2 of FIG. 9, the first slashed part on the left side of the
LTE band means "when SIB1-NB non-anchor carrier is indicated by 1 bit in MIB-NB as the lower PRB relative to anchor
PRB and 2 spare bits in guardband-r13 is "1"."

[0434] Furthermore, in the drawing corresponding to Example 1 of FIG. 9, the second slashed part on the left side of
the LTE band (i.e., the left part (PRB) of the LTE band) means "when SIB1-NB non-anchor carrier is indicated by 1 bit
in MIB-NB as the higher PRB relative to anchor PRB and 2 spare bits in guardband-r13 is '2’(in-band different PCI) or
’3’(in-band same PCI)."

[0435] In the drawing corresponding to Example 2 of FIG. 9, the first slashed part on the right side of the LTE band
(i.e., the right part (PRB) of the LTE band) means "when SIB1-NB non-anchor carrier is indicated by 1 bit in MIB-NB as
the higher PRB relative to anchor PRB and 2 spare bits in guardband-r13 is '2’(in-band different PCI) or '3’(in-band same
PCI)."

[0436] Furthermore, in the drawing corresponding to Example 2 of FIG. 9, the second slashed part on the right side
of the LTE band means "anchor carrier (its relative location to LTE in-band can be obtained by using rasterOffset-r13
in guardband-r13 of MIB-NB)."

[0437] Furthermore, in the drawing corresponding to Example 2 of FIG. 9, the third slashed part (PRB) on the right
side of the LTE band means "when SIB1-NB non-anchor carrier is indicated by 1 bitin MIB-NB as the higher PRB relative
to anchor PRB and 2 spare bits in guardband-r13 is "0"."

[0438] All the PRBs corresponding to the slashed parts in Examples 1 and 2 of FIG. 9 are non-anchor carriers used
for SIB1-NB transmission.

[0439] Additional information for providing notification of information on a carrier on which an SIB1-NB is transmitted
along with the proposed method may be indicated using some bit(s) of the "11 spare bits for future extension" of an MIB-NB.
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[0440] This may be omitted when an anchor-carrier is inband-Different PCI or standalone.
[0441] As a simple embodiment, the following methods may be used when corresponding information is transmitted
using 2 bits ({b1,b2}).

1) Bitmap method

[0442] This may mean that when b1 is "0", an SIB1-NB is transmitted on an anchor-carrier and if not (when b1 is "1"),
an SIB1-NB is transmitted on a specific non-anchor carrier.

[0443] B2 is not used or may be disregarded when b1 is "0".

[0444] Alternatively, when b1 is "0", b2 may be used to indicate the location of a subframe in which an SIB1-NB is
transmitted on an anchor-carrier.

[0445] This may be limited to interpret b2 as information indicating the location of an SIB1-NB subframe only when
an SIB1-NB repetition number is 16.

[0446] When b2 is 0 and 1, this may mean that an each SIB1-NB is transmitted at a location having a -G or +G PRB
(or -/+G x 180kHz) offset from an anchor-carrier.

[0447] In this case, G may be a value specified in 3GPP TS 36.xxx or a value different depending on a cell ID or SIB1-
NB repetition number or operation mode, etc.

[0448] In particular, when an anchor-carrier is a guardband operation mode and an SIB1-NB is transmitted on a non-
anchor carrier, G may indicate information on whether an SIB1-NB is transmitted at a location having a specific offset
in a guardband on the same side as an anchor-carrier or whether an SIB1-NB is transmitted at a location having a
specific offset in a guardband (the side opposite to an anchor-carrier) on the side opposite to an anchor-carrier or whether
an inband non-anchor carrier in which an SIB1-NB is transmitted has a specific offset based on the lowest PRB index
or whether an inband non-anchor carrier on which an SIB1-NB is transmitted has a specific offset based on the highest
PRB index depending on {b1 ,b2,b3} of the guardband-r13.

[0449] In this case, a user equipment may differently determine whether G will be interpreted as +/-G or interpreted
as +G, +2G or interpreted as -G, -2G depending on a relative distance because it is aware of the relative distance
between a guardband anchor-carrier and an inband.

[0450] Furthermore, when an SIB1-NB is transmitted in an inband non-anchor carrier, an offset is not specified based
on the lowest or highest PRB index, but an offset may be calculated based on a specific reference PRB index.

[0451] As the most simple example, a PRB index closest to a PRB in which the primary synchronization signal
(PSS)/secondary synchronization signal (SSS) of an inband is transmitted may be a reference PRB index.

[0452] If the number of bits used for such a purpose is 3, b1 may be for providing notification of whether an SIB1-NB
is transmitted in an anchor-carrier. When an SIB1-NB is transmitted on a non-anchor carrier, b2 and b3 may be for
providing notification of the location of the corresponding carrier in more various manners.

2) Table method
[0453] In order to transfer the same information as that of the above-described Bitmap method, {b1,b2} may be defined
in a table, such as {0,0}, {0,1}, {1,0}, {1,1}.

[0454] In this case, a method of omitting b2 based on a value of b1 cannot be applied.

Position and repetition number of subframe in which SIB1-NB may be transmitted

[0455] Second, the location and repetition number of a subframe in which an SIB1-NB may be transmitted is described
more specifically.

[0456] A carrier on which an SIB1-NB may be transmitted may be basically divided into three types as follows. The
subframe location and/or repetition number in which each SIB1-NB may be transmitted may be different.

1. When an SIB1-NB is transmitted on an anchor carrier
(1) When an SIB1-NB is transmitted in a fixed subframe index

[0457] The SIB1-NB may be transmitted in a subframe #0 in which a narrowband secondary synchronization signal
(NSSS) is not transmitted.

[0458] In this case, the SIB1-NB may be transmitted based on a cell ID and an SIB1-NB repetition number like FIGS.
8 and 10.

[0459] Interference between cells may be avoided like the existing FDD with respect to repetition numbers 4 and 8.
[0460] In contrast, if the repetition number is 16, an SIB1-NB may act as interference between a cell having an odd
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number cell ID and a cell having an even-numbered cell ID.
[0461] Furthermore, the starting radio frame number of SIB1-NB transmission may be configured like Table 37.

(2) When an SIB1-NB is selectively transmitted in one or more subframe indices

[0462] Information that determines a subframe index at which an SIB1-NB is actually transmitted among one or more
subframe indices may be directly indicated as specific information indicated in an MIB-NB (e.g., there may be information
that explicitly provides notification of the location of a subframe index or a parameter associated with some information
of an UL/DL configuration along with the information (or solely) or may be configured so that subframe index information
indicated in an MIB-NB is differently interpreted based on a cell ID.

[0463] Characteristically, an SIB1-NB may have a form in which it is always transmitted in a subframe #0 in which an
NSSS is not transmitted on an anchor-carrier and a subframe index indicated in an MIB-NB is additionally transmitted
in an indicated subframe.

[0464] A subframe index at which an SIB1-NB may be transmitted may be #0, 4, 8 and 6. A subframe index at which
an SIB1-NB is actually transmitted may be selected (or indicated) using the above-described method.

[0465] A subframe index at which an SIB1-NB is actually transmitted may be associated with information of an UL/DL
configuration.

[0466] In this case, a user equipment may derive an SIB1-NB transmission subframe index from some of UL/DL
configuration information provided in an MIB-NB or the user equipment may analogize some of UL/DL configuration
information from an SIB1-NB transmission subframe index indicated in an MIB-NB.

[0467] For example, in an UL/DL configuration #1, an SIB1-NB may be transmitted in a subframe #0 or #4 only. In
UL/DL configurations #2 to #5, an SIB1-NB may be transmitted in a subframe #0 or #8 (or #6 not #8) only.

[0468] If an UL/DL configuration #6 is supported, an SIB1-NB may be transmitted only in a subframe #0 in which an
NSSS is not transmitted. A repetition number 16 may not be supported.

[0469] Furthermore, the starting radio frame number of SIB1-NB transmission may be configured like Table 37.
[0470] If some of UL/DL configuration information is indicated within an MIB-NB and the number of subframe indices
in which an SIB1-NB may be transmitted from some information of an UL/DL configuration that may be aware by a user
equipment from corresponding information is greater than one, a subframe index at which an SIB1-NB is actually trans-
mitted in may be selected as cell ID a corresponding cell.

[0471] As a simple example, when an SIB1-NB is transmitted in one of two subframe indices based on a cell ID, a
subframe index may be determined depending on whether "((cell_ID-(cell_ID%NRep))/NRep)%2" is 0 or 1.

[0472] If an SIB1-NB transmitted in an anchor-carrier may be transmitted in a subframe #0 or subframe #4 and a
subframe index may be indicated in an MIB-NB, a starting radio frame number/index at which an SIB1-NB repetition
starts within 2560 msec may be defined like Table 38.

[0473] Furthermore, this may be limited to only a case where the SIB1-NB repetition number is 16.

[0474] That is, a user equipment may obtain information indicating that an SIB1-NB is transmitted in the place (e.g.,
subframe #4) not the subframe #0 through the MIB-NB, and may be then aware of a radio frame index at which the
SIB1-NB transmission starts based on the cell ID of a corresponding cell.

[0475] In contrast, if information indicating that an SIB1-NB is transmitted in a subframe #0 is obtained through the
MIB-NB and an SIB1-NB repetition number is 16, SIB1-NB transmission may be assumed to always start from a No. 1
radio frame number within 2560 msec regardless of a cell ID as in Table 37.

[0476] In other words, when an SIB1-NB is transmitted on an anchor-carrier and a repetition number is 16, a radio
frame index at which SIB1-NB transmission starts may be differently interpreted depending on whether a subframe index
at which the SIB1-NB is transmitted is #0 or #4.

[0477] As a corresponding example, Table 37 (when an SIB1-NB is transmitted in a subframe #0) and Table 38 (when
an SIB1-NB is transmitted in a subframe #4) may be taken into consideration.

2. When an SIB1-NB is transmitted on a non-anchor carrier only

[0478] The number of subframes used for SIB1-NB transmission in a specific section may be N times greater than a
value when an SIB1-NB is transmitted on an anchor-carrier.

[0479] The reason for this is that power boosting of a non-anchor carrier may be difficult to apply compared to an
anchor-carrier.

[0480] N may be determined by downlink transmit power of an anchor-carrier and downlink transmit power of a non-
anchor carrier on which an SIB1-NB is transmitted.

[0481] If the relation between downlink transmit power of a carrier on which an SIB1-NB is transmitted and downlink
transmit power of an anchor-carrier is notified in an MIB-NB, N may be derived or analogized from corresponding
information.
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[0482] Alternatively, in contrast, the N value may be notified in an MIB-NB, and the relation between downlink transmit
power of a carrier on which an SIB1-NB is transmitted and downlink transmit power of an anchor-carrier may be derived
(or analogized).

[0483] In this case, "the number of subframes used for SIB1-NB transmission within a specific section" is value or
concept corresponding to an "SIB1-NB repetition number." The "SIB1-NB repetition number" indicates the number of
an SIB1-NB transmission time interval (TTIl) number used for SIB1-NB transmission by a specific cell within an SIB1-
NB modification period.

[0484] "The number of subframes used for SIB1-NB transmission within a specific section" indicates the number of
subframes used for SIB1-NB transmission within a specific absolute time interval (e.g., 160 msec or 40.96 sec).
[0485] N of subframe indices #0, #5, #9 may be selected as a subframe index at which an SIB1-NB may be transmitted
and used.

[0486] For example, in the case of N2, the subframe indices #0 and 9 may be used. In the subframe indices #0 and
#9, radio frame numbers may be selected as an odd number and an even number, respectively, in order to contiguously
transmit the SIB1-NB.

[0487] In this case, if system frame number (SFN) information of the SIB1-NB transmitted in different radio frames is
different and corresponding information is included in some of the SFN information of SIB1-NB contents, the SFN of a
radio frame in which a specific first or last SIB1-NB starts to be transmitted may be a basis.

[0488] Alternatively, subframe indices #0 and #5 not used as a multimedia broadcast multicast service single frequency
network (MBSFN) subframe may be used.

[0489] The N2 means a case where an SIB1-NB repetition number indicated within an MIB-NB is interpreted as being
a twice-times greater value when an SIB1-NB is transmitted on a non-anchor carrier.

[0490] That is, the SIB1-NB repetition number indicated within an MIB-NB is the repetition number of an SIB1-NB
when an SIB1-NB is transmitted on an anchor carrier.

[0491] If an SIB1-NB is transmitted on a non-anchor carrier, the repetition number of the SIB1-NB indicated in an MIB-
NB may be differently interpreted.

[0492] Likewise, inthe case of N4, corresponding information is interpreted as being four times greater. Such a series
of procedure and interpretation may be different depending on whether the location of a carrier on which an SIB1-NB is
transmitted is an anchor-carrier or a non-anchor carrier, how far is an SIB1-NB relatively positioned from an anchor-
carrierwhenitis transmitted on anon-anchor carrier (e.g., whetheritis a PRB interval smaller than X) or an operation mode.
[0493] In this case, the operation mode may be the operation mode of an anchor-carrier, may be the operation mode
of a non-anchor carrier in which the SIB1-NB is transmitted, or may be a combination of the operation modes of an
anchor-carrier and a non-anchor carrier in which the SIB1-NB is transmitted.

[0494] As a simple example, it may be N2 (N=2) when a non-anchor carrier on which an SIB1-NB is transmitted is an
inband operation mode, and may be N4 (N=4) when a non-anchor carrier on which an SIB1-NB is transmitted is a
guardband operation mode.

[0495] In this case, in the case of N4, a subframe index at which the SIB1-NB may be transmitted may be a subframe
#0, #4, #5, #9.

[0496] In the case of the N2 and N4, the number of subframes used to transmit an SIB1-NB transport block (TB) once
needs to be maintained to 8. An SIB1-NB transmission period needs to be fixed to 2560 msec.

[0497] To this end, the number of radio frames used to transmit an SIB1-NB may be different.

[0498] That is, the number of subframes used for SIB1-NB transmission within one radio frame may be 2 (in the case
of N2) or 4 (in the case of N4).

[0499] In the case of N2, characteristically, neighbor subframes used for SIB1-NB transmission may be present in
different radio frames.

[0500] If the number of subframes used for SIB1-NB transmission within a radio frame is different as described above,
the starting index of the radio frame used for SIB1-NB transmission may be differently defined.

[0501] As a simple example, a radio frame number (nf mod 256) value for the NB-SIB1 repetitions of Table 38 may
be different.

[0502] In the case of N2, it is simply given as (start radio frame number value of Table 37 defined based on an SIB1-
NB repetition number and a cell ID-1)/2 or (start radio frame number value of Table 37 defined based on an SIB1-NB
repetition number and a cell ID-1)/2 + 1, and an SIB1-NB transmission window may be defined as 80 msec.

[0503] As a similar method, in the case of N4, it is simply given as (start radio frame number value of Table 38 defined
based on an SIB1-NB repetition number and a cell ID-1)/4 or (start radio frame number value of Table 38 defined based
on an SIB1-NB repetition number and a cell ID-1)/4 + 1. An SIB1-NB transmission window may be defined as 40 msec.
[0504] Although an SIB1-NB is transmitted on a non-anchor carrier, if an SIB1-NB repetition number is the same as
that of an anchor-carrier, the same start radio frame number as that of Table 38 may be used or the start radio frame
number value of Table 38 -1 may be defined.

[0505] The above contents may be represented like Table 39, Table 40 and Table 41 in a table form.
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[0506] In each table, the number of NPDSCH repetitions is the repetition number of an SIB1-NB transmitted on a non-
anchor carrier. This is a value derived from the SIB1-NB repetition number of an MIB-NB.
[0507] If an SIB1-NB is transmitted in N subframes within one radio frame, in the SIB1-NB transmitted in the N-times
subframes, as in FIG. 10, there may be (1) a method of sequentially transmitting A to H sub-blocks and (2) a method of
contiguously transmitting each sub-block in a subframe N times (or value greater than 1) and contiguously transmitting
a next sub-block N times.
[0508] In this case, the A to H sub-blocks indicate a unit in which the sub-block is transmitted in one subframe at the
circular-buffer output of an SIB1-NB codeword.
[0509] If a specific sub-block is repeatedly transmitted as in the method of (2), there may be a disadvantage in that
inter-cell interference occurs.
[0510] Accordingly, although sub-blocks are transmitted within the same radio frame, scrambling needs to be differently
applied.

_ _ G = M 2T NS S D, mod 613+ 1)
[0511] For example, in the current scrambling equation ' » when
sub-blocks are repeatedly transmitted within the same radio frame, scrambling between the sub-blocks may be modified

to be differently applied although a radio frame number and nRNTI, N%\IDcen’ nf are the same.

[0512] For example, scrambling may be defined as a different cinit having a specific offset between subframes.
[0513] Alternatively, scrambling may be performed in a form phase-rotated in an 1/Q-level for each RE between sub-
blocks (subframes) repeatedly transmitted within the same radio frame.

[0514] This may be similar to or identical with a method of applying the phase-rotation of an I/O-level in an NPBCH
(e.g., the first equation in 10.2.4.4 of TS.36.211).

[Equation 21]
Lif ¢, (2i))=0andc,(2i+1)=0
—Lifc,(2i)=0andc,(2i+1) =1

0, (i) =

[0515] A scrambling sequence c4j),j=0,...,199 is given in 7.2 of TS 36.211.
3. When an SIB1-NB is transmitted on both an anchor-carrier and a non-anchor carrier

[0516] A subframe index at which SIB1-NB is transmitted may be configured to not overlap between an anchor-carrier
and a non-anchor carrier.

[0517] Alternatively, although subframe indices are the same, actually transmitted radio frames may be configured to
be different.

[0518] This may be for providing a user equipment with a change to improve performance by receiving both SIB1-
NBs transmitted on an anchor-carrier and a non-anchor carrier.

[0519] The "1. when an SIB1-NB is transmitted on an anchor carrier only" and the "2. when an SIB1-NB is transmitted
on a non-anchor carrier only" may be extended and applied with respect to each anchor-carrier and non-anchor carrier.
[0520] FIG. 10 is a diagram showing an example of the transmission location of an SIB1-NB proposed in this speci-
fication.

[0521] In this case, a drawing corresponding to FIG. 10 is large and thus divided into FIGS. 10a, 10b and 10c, and
FIGS. 10a, 10b and 10c are drawings completing the one drawing.

[0522] FIGS. 11 and 12 show examples of the transmission location of an SIB1-NB according to a repetition number
proposed in this specification.

[0523] Specifically, FIG. 11 is a diagram showing an example of the transmission location of an SIB1-NB when the
repetition number is 4, and FIG. 12 is a diagram showing an example of transmission location of an SIB1-NB when the
repetition number is 8.

[0524] Table 37 is a table showing the location of a starting radio frame for the first transmission of an NPDSCH on
which an SIB1-NB is carried.
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[Table 37]
Number of NPDSCH N Neell Starting radio frame number for NB-SIB1 repetitions (nf mod
repetitions D 256)
Neell
N mod 4 =0 1
Neell
4 N mod 4 = 1 17
Neell
N mod4 =2 33
Neell
N mod 4 =3 49
Neell
No™ mod2=0 1
8
Neell
N mod 2 = 1 17
Neell
No™ mod2 =0 1
16
Neell
No™ mod2 =1 1
[0525] Table 38 is a table showing an example of a starting radio frame for the first transmission of an NPDSCH on
which an SIB1-NB is carried.
[Table 38]
Number of NPDSCH N Neell Starting radio frame number for NB-SIB1 repetitions (nf mod
repetitions D 256)
Neell
Mo mod 4 =0 1
Neell
No™ mod 4 =1 17
4
Neell
N~ mod4 =2 33
Neell
N mod 4 =3 49
Neell
N mod2 =0 1
8
Neell
N mod 2 =1 17
Neell
No" mod 2 =0 0for®)
16
Neell
No™ mod 2 = 1 1 (or 0)
[0526] Table 39 is a table showing an example of a starting radio frame for the first transmission of an NPDSCH on

which an SIB1-NB is carried.
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D mod2=1

[Table 39]
Number of NPDSCH NNWH Starting radio frame number for NB-SIB1 repetitions (nf mod
repetitions D 256)
Neell
Nomod 4 =0 1 (or0)
Neell
NID mod 4 =1 17 (or 16)
4
Neell
NID mOd 4 =2 33 (OI’32)
Neell
N mod4=3 49 (or 48)
Neell
NID m0d2=0 1(0!’0)
8
Neell
NID m0d2=1 17(0!’16)
Neell
NID m0d2=0 0(or1)
16
Nt 1 (or 0)

[0527] Table 40 is a table showing another example of a start radio frame for the first transmission of an NPDSCH on

which an SIB1-NB is carried.

[Table 40]
Number of NPDSCH NNWH Starting radio frame number for NB-SIB1 repetitions (nf mod
repetitions D 128)
Neell
Nomod 4 =0 1 (or0)
Neell
N mod 4 = 1 9 (or 8)
8
Neell
NID mod 4 =2 17 (or 16)
Neell
NID mOd 4 = 3 25 (OI’24)
Neell
NID m0d2=0 1(0!’0)
16
Neell
N~ mod 2 = 1 9 (or 8)
Neell
32 NID m0d2=0 0(0!’1)

[0528] Table 41 is a table showing another example of a start radio frame for the first transmission of an NPDSCH on

which an SIB1-NB is carried.
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[Table 41]
Number of NPDSCH N Neell Starting radio frame number for NB-SIB1 repetitions (nfmod
repetitions D 64)
Neell
No" mod 4=0 f(or0)
Neell
ZVIDce m0d4=1 5(or4)
16
Neell
No™ mod 4 =2 9 (or 8)
No™ mod 4 = 3 13 (or 12)
Neell
Np mod2=0 1 (or 0)
32
Neell
N mod 2 =1 5 (or 4)
64 Nt mod 2 =0 0 (or 1)

[0529] FIG. 13 is a diagram showing an example of the codeword and resource mapping of an SIB1-NB proposed in
this specification.

[0530] The location and repetition number of a subframe and/or radio frame in which an SIB1-NB is transmitted may
be differently interpreted depending on an operation mode of a carrier on which an SIB1-NB is transmitted.

[0531] That is, the location of a subframe and/or radio frame in which an SIB1-NB is transmitted may be different
depending on a cell ID and repetition number.

[0532] This is provided in an MIB-NB, but may be differently interpreted when an SIB1-NB is transmitted on a non-
anchor carrier.

[0533] Furthermore, a repetition number indicated in an MIB-NB may be differently interpreted depending on the
operation mode of a non-anchor carrier on which an SIB1-NB is transmitted (e.g., a value two times greater than a
repetition number indicated by an MIB-NB).

[0534] The location of a subframe and/or radio frame in which an SIB1-NB is transmitted may be differently interpreted
for each operation mode.

[0535] In this case, "for each operation mode" includes the operation mode of an anchor-carrier and the operation
mode of a non-anchor carrier on which an SIB1-NB is actually transmitted.

[0536] Forexample, when an anchor carrier is an in-band operation mode, but an SIB1-NB is transmitted on the same
carrier, the repetition number is interpreted as one value of {4, 8, 16}.

[0537] However, when an SIB1-NB is transmitted on a non-anchor carrier and the corresponding non-anchor carrier
is the in-band operation modem, the repetition number may be interpreted as one value of {8, 16, 32}.

[0538] Furthermore, when an SIB1-NB is transmitted on a non-anchor carrier and the corresponding non-anchor carrier
is the guard band operation mode, the repetition number may be interpreted as one value of {2, 4, 8}.

Subframe in which an NRS cannot be expected without system information

[0539] Third, the location of a subframe in which an NRS cannot be always expected without system information is
described.

[0540] In order to improve demodulation performance of a signal received in a specific subframe, there is a need for
cross-subframe channel estimation for estimating a channel using a subframe in which the corresponding signal is
received and an NRS included in a preceding and/or following subframe.

[0541] In particular, when a user equipment receives an MIB-NB and an SIB1-NB without system information, there
may be a need for a subframe definition in which an NRS can always be expected even in a subframe not a subframe
in which the MIB-NB and the SIB1-NB are transmitted.

[0542] The location of a subframe in which an NRS can always be expected as described above is referred to as a
"default subframe."

[0543] This may be different from downlinkBitmap information configured as an SIB1-NB or other SIBx-NB, or RRC.
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[0544] First, a default subframe that may be assumed by a user equipment before it detects an MIB-NB may be a
subframe #0 and subframe #9 in which the NSSS of an anchor-carrier is not transmitted.

[0545] This may not have a relation with whether an SIB1-NB is actually transmitted on an anchor carrier.

[0546] A default subframe that may be assumed by a user equipment before it detects an SIB1-NB after an MIB-NB
is detected may be divided as follows and differently determined.

1. When an SIB1-NB is transmitted on an anchor carrier

[0547] Inthis case, a default subframe that may be assumed by a user equipment may be a subframe #0 and subframe
#9 in which the NSSS of an anchor-carrier is not transmitted, like a default subframe that may be assumed by a user
equipment before it detects an MIB-NB.

[0548] If some information corresponding to an UL/DL configuration cannot be additionally obtained from an MIB-NB,
some subframe may be additionally included as a default subframe characteristically in the corresponding UL/DL con-
figuration.

[0549] For example, some subframe may be one of subframes #4, #6 and #8.

[0550] This may be derived from some information of an UL/DL configuration as described above.

[0551] Alternatively, some subframe may be explicitly notified in an MIB-NB.

[0552] In this case, a user equipment may assume a default subframe only within an SIB1-NB TTI and/or an SIB1-
NB transmission window (160msec) and/or a radio frame in which a corresponding cell is expected to transmit an SIB-NB.
[0553] Alternatively, the corresponding subframe may be explicitly notified directly within an MIB-NB.

[0554] Furthermore, the user equipment may expand some section a little ahead of/behind a limited specific section
which may include the above-described default subframe, and may expect the default subframe.

[0555] A subframe in which a user equipment may expect an NRS in an anchor-carrier may be divided into several
steps based on information obtained by a user equipment as follows.

1) Before a user equipment obtains operationModelnfo

[0556] A subframe in which a user equipment may expect NRS reception before it completes NPBCH detection
although it has detected a TDD NB-loT cell is a subframe #9 and a subframe #0 in which an NSSS is not transmitted.
[0557] If an NRS may be always transmitted in a specific pattern (e.g., when the NRS is transmitted in a third OFDM
symbol) regardless of the number of DWTS symbols in the downlink pilot time slot (DwPTS) of a subframe #1, a user
equipment may expect an NRS even in the DwWPTS section of the corresponding subframe.

[0558] As a similar method, if an NRS may be always transmitted in a specific pattern regardless of an UL/DL config-
uration and a special subframe configuration even in a subframe #6, a user equipment may expect an NRS in some
OFDM symbols even in the corresponding subframe. This is applied regardless of a carrier on which an SIB1-NB is
transmitted.

2) Before a user equipment obtains an SIB1-NB after it obtains operationModelnfo

[0559] Asa method of notifying a user equipment of a subframe in which an NRS may be expected even in a subframe
not subframes listed below before SIB1-NB information is obtained, the unused state(s) or unused bit(s) of an MIB-NB
may be used.

A. when operationModelnfo indicates an inband

® When an SIB1-NB is present in a subframe #0

[0560] An NRS may be expected in the subframe defined in the 1). The same is true of a case where an SIB1-NB is
transmitted on a non-anchor carrier.

® In addition, when an SIB1-NB is present in a subframe #4

[0561] An NRS may be expected in the subframe defined in the 1). Additionally, an NRS may be expected even in
the subframe #4.

[0562] The same is true of a case where an SIB1-NB is transmitted on a non-anchor carrier.

[0563] In this case, an NRS may be limited to be expected in the subframes #4 of all radio frames, an NRS may be
limited to be expected in the subframe #4 of a radio frame in which an SiB12-NB is actually transmitted, an NRS may
be limited to be expected only in the subframe #4 of a radio frame between former N radio frames of a radio frame in
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which an SiB12-NB is actually transmitted and the latter M radio frames of the radio frame in which the SiB12-NB is
actually transmitted or an NRS may be limited to be expected only in the subframe #4 of a window section (160msec,
for example, in an anchor-carrier) in which an SIB1-NB TTS is divided into 8 subframes and transmitted. In this case,
N and M are natural numbers.

[0564] When an SIB1-NB is transmitted in a subframe #4, it may be transmitted in an even-numbered radio frame or
odd-numbered radio frame number based on a cell ID, as in Table 10 and FIG. 13.

[0565] This is possible only when an SIB1-NB repetition number is 16.

[0566] An example of A-1 and A-2 may be checked based on the location of a subframe including R in FIG. 14.

B. In addition, when operationModelnfo indicates a guardband

[0567] In the inband operation mode of the A., a user equipment may expect an NRS using the same method at the
location of a subframe in which the NRS may be expected.

[0568] In the case of the guardband operation mode, if a base station can always transmit an NRS in a specific OFDM
symbol(s) in a control region within a DWPTS, a user equipment may expect an NRS in the corresponding OFDM
symbol(s) even in the DwWPTS of a subframe #1 in addition to the subframe of the A.

[0569] This may be identically applied to the standalone operation mode, but the location of an OFDM symbol(s) in
which an NRS may be expected in the DwWPTS may be differentbetween the guardband and standalone operation modes.
[0570] If the location of a subframe in which an NRS may be transmitted within a DWPTS depending on the number
of OFDM symbols within the DWPTS, the location of an OFDM symbol in which the NRS may be expected within the
corresponding DwWPTS may be indicated using some reserved or unused bit(s) within an MIB-NB.

[0571] In this case, some or all of 3 bits except rasterOffset-r13 of 2 bits in guardband-r13 of 5 bits may be used as
an example of the unused bit(s).

[0572] Furthermore, the corresponding information may be differently interpreted and indicated when an SIB1-NB is
transmitted on an anchor carrier and when an SIB1-NB is transmitted on a non-anchor carrier or depending on the
number of unused bits used in the location of a subframe in which an SIB1-NB is transmitted or a different method (e.g.,
different table).

C. In addition, when operationModelnfo is indicated as standalone

[0573] In the inband operation mode of the A., an NRS may be expected using the same method in the location of a
subframe in which a user equipment may expect the NRS.

[0574] Inthe case of the standalone operation mode, if a base station can always transmit an NRS in a specific OFDM
symbol(s) in a control region within a DWPTS, a user equipment may expect an NRS the corresponding OFDM symbol(s)
even in the DwPTS of a subframe #1 in addition to the subframe of the A.

[0575] If the location of a subframe in which an NRS may be transmitted within a DwWPTS may be different depending
on the number of OFDM symbols within the DwWPTS, the location of an OFDM symbol in which the NRS may be expected
within the corresponding DWPTS may be indicated using some reserved or unused bit(s) within an MIB-NB.

[0576] Inthiscase, some orall of 5bits in the standalone-r13field of 5 bits may be used as an example of an unused bit(s).
[0577] For example, the standalone operation mode may include a case where a DwWPTS is not used in a special
subframe. Accordingly, a case for identifying the example may be included, and some of unused bits may be used.
[0578] Furthermore, the unused bits may be used to indicate some of UL/DL configuration (including the UL/DL
configuration of the existing LTE and an UL/DL configuration added in the TDD LTE standalone mode) information in
the standalone mode.

[0579] Thatis, although an UL/DL configuration has not been clearly indicated, if there is a subframe in which an NRS
may be additionally expected depending on the UL/DL configuration, some information of the UL/DL configuration may
be indicated using unused bits in order to identify the subframe.

[0580] Furthermore, the corresponding information may be differently interpreted and indicated when an SIB1-NB is
transmitted on an anchor carrier and when an SIB1-NB is transmitted on a non-anchor carrier or depending on the
number of unused bits used in the location of a subframe in which an SIB1-NB is transmitted or a different method (e.g.,
different table).

[0581] FIG. 14 is a diagram showing an example of the location of a subframe in which an NPSS/NSSS/NPBCH/SIB1-
NB is transmitted on an anchor-carrier proposed in this specification.

[0582] FIG. 15 is a diagram showing another example of the location of a subframe in which an NPSS/NS-
SS/NPBCH/SIB1-NB/NRS is transmitted on an anchor carrier proposed in this specification.

[0583] In this case, the drawing corresponding to FIG. 15 is large and thus divided into FIGS. 15a, 15b, 15¢ and 15d.
FIGS. 15a, 15b, 15¢c and 15d are drawings completing the one drawing.
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2. When an SIB1-NB is transmitted on a non-anchor carrier

[0584] In this case, a default subframe that may be assumed by a user equipment may be indicated in an MIB-NB or
may be all the subframes #0, #5, #9 of a carrier on which an SIB1-NB derived based on the indication of an MIB-NB, a
cell ID, etc. is transmitted or may be #0 and #5.

[0585] Furthermore, the default subframe may be dependently determined by the location of a subframe in which an
SIB1-NB is transmitted.

[0586] The default subframe may be the subframes #0, #5 and #9 included in some section in a time before and after
the subframe in which an SIB1-NB is transmitted, including the subframe in which an SIB1-NB is transmitted.

[0587] Furthermore, a user equipment may assume a default subframe only within an SIB1-NB TTI and/or an SIB1-
NB transmission window (160msec) and/or a radio frame in which a corresponding cell expects to transmit an SIB-NB.
[0588] Alternatively, a default subframe may be explicitly notified in an MIB-NB.

[0589] Furthermore, a user equipment may expand some section a little ahead of/behind a limited specific section
that may include the above-described default subframe, and may expect the default subframe.

[0590] Furthermore, if some information corresponding to an UL/DL configuration may be additionally obtained in an
MIB-NB, some subframes may be additionally included in the default subframe characteristically in the corresponding
UL/DL configuration.

[0591] For example, some subframe may be one of subframes #4, #6 and #8.

[0592] As described above, some subframe may be derived from some information of an UL/DL configuration or may
be explicitly notified directly in an MIB-NB. A subframe in which a user equipment may expect an NRS on a non-anchor
carrier on a non-anchor carrier on which an SIB1-NB is transmitted is as follows.

[0593] In this case, since the location of the carrier on which the SIB1-NB is transmitted is indicated in an MIB-NB, it
is assumed that the user equipment has obtained information on the location of the carrier on which the SIB1-NB is
transmitted, the number of SIB1-NB repetitions, the location of a radio frame in which the SIB1-NB is transmitted, the
location of a subframe in which the SIB1-NB is transmitted, along with all types of information on the MIB-NB.

1) After a user equipment obtains operationModelnfo and before the user equipment obtains an SIB1-NB

[0594] When an SIB1-NB is transmitted on a non-anchor carrier, the location of a subframe and radio frame used for
SIB1-NB transmission may be different depending on the number of SIB1-NB repetitions.

[0595] Itis evident that a user equipment can expect an NRS in a subframe used for SIB1-NB transmission on a non-
anchor carrier because information on the location is obtained from an MIB-NB.

[0596] Furthermore, an NRS may be expected regardless of the location of a radio frame and subframe in which an
SIB1-NB is transmitted in subframes #5, #0 and #9 used for NPSS, NSSS and MIB transmission on an anchor carrier.
[0597] Furthermore, in the case of the standalone operation mode, a user equipment may additionally expect an NRS
even in subframes #4 and #8.

[0598] Furthermore, a user equipment may expect an NRS in a DwWPTS section. In this case, the above-described
method (method of expecting an NRS in the DWPTS section when an SIB1-NB is transmitted on an anchor-carrier) may
be identically used with respect to a case regarding whether an NRS may be expected depending on an operation mode
or a case where an NRS may be expected in which OFDM symbol within a DwPTS.

[0599] The above-described subframe in which an NRS may be expected may be identically applied for each radio
frame, or may be limited to one subframe belonging to a radio frame in which an SIB1-NB is transmitted, or may be
limited so that an NRS can be expected only within a radio frame between former N radio frames of a radio frame in
which an SiB12-NB is actually transmitted and latter M radio frames of a radio frame in which an SiB12-NB is actually
transmitted, or may be limited so that an NRS can be expected only in the subframe of a window section (160msec, in
an anchor-carrier, for example) in which an SIB1-NB TTS is divided into 8 subframes and transmitted.

[0600] This may be differently applied depending on a subframe number in which an NRS may be expected and an
operation mode. In this case, N and M are natural numbers.

3. When an SIB1-NB is transmitted on both an anchor-carrier and a non-anchor carrier

[0601] In this case, a default subframe may follow the (1) method on an anchor carrier that may be assumed by a user
equipment, and a default subframe may follow the (2) method on a non-anchor carrier on which an SIB1-NB is transmitted.
[0602] In this case, when an SIB1-NB is not transmitted on an anchor carrier, if both a "case where an SIB1-NB is
transmitted on a non-anchor carrier" and a "case where an SIB1-NB is transmitted on both an anchor-carrier and a non-
anchor carrier" can be configured in an MIB-NB, a default subframe that may be expected by a user equipment on a
non-anchor carrier on which an SIB1-NB is transmitted may be different between the "case where an SIB1-NB is trans-
mitted on a non-anchor carrier" and the "case where an SIB1-NB is transmitted on both an anchor-carrier and a non-
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anchor carrier".

[0603] When the remaining SIB-NBs (called SIBx-NBs) other than an SIB1-NB is transmitted on a non-anchor carrier,
a subframe section in which a user equipment may expect an NRS may be defined differently from a subframe section
when an SIB1-NB is transmitted on a non-anchor carrier.

[0604] The reason for this is that in the TDD system, an SIB1-NB is not transmitted in contiguous subframes, but an
SIBx-NB is transmitted in a downlink subframe in which the same TBS is contiguous (valid).

[0605] Thatis, although a valid subframe is contiguously present, an SIB1-NB itself is transmitted in a non-contiguous
subframe, but an SIBx-NB is contiguously transmitted in a valid subframe. Accordingly, an NRS may be expected within
multiple subframes in which the SIBx-NB is transmitted.

[0606] Furthermore, an NRS may be additionally expected to be permitted in some N1, N2 (valid) subframes ahead
of/behind contiguous subframes in which an SIBx-NB is transmitted for cross-subframe channel estimation.

[0607] This is a purpose similar to that a user equipment always does not expect an NRS in a valid subframe on a
non-anchor carrier and can expect an NRS only in some (valid) subframe sections ahead of/behind a (contiguous)
subframe in which an NPDCCH(/NPDSCH) reception is expected.

Message interpretation and configuration of SIB1-NB

[0608] Fourth, a method of interpreting and configuring the message of an SIB1-NB is described.

[0609] In a TDD NB-IoT system, an SIBx-NB may be transmitted in a third carrier not an anchor-carrier.

[0610] In this case, the third carrier is a non-anchor carrier or means a specific carrier or PRB location that is not used
by corresponding cell for NPSS/NSSS/NPBCH transmission, but satisfies an anchor carrier raster offset condition.
[0611] Furthermore, a TDD system used in this specification is an unpaired system or may be interpreted as the same
meaning as a system having the frame structure type 2.

[0612] A case where an SIBx-NB is transmitted on a third carrier may be divided as follows. In each case, the message
interpretation and configuration of an SIB1-NB and an operation procedure of a user equipment may follow different
methods.

1. An SIB1-NB is transmitted on an anchor carrier, but the remaining other SIBx-NBs may be transmitted on a third
carrier not an anchor-carrier.

2. An SIB1-NB may be transmitted on a third carrier, and the remaining other SIBx-NBs may be transmitted on the
same carrier as an SIB1-NB.

3. An SIB1-NB may be transmitted on a third carrier and the remaining other SIBx-NBs may be transmitted on a
carrier different from that of an SIB1-NB.

[0613] In this case, the SIBx-NB may be permitted to be transmitted on an anchor carrier.

[0614] Position information of the carrier of the SIB1-NB and location information of the remaining other SIBx-NB
carriers in the above 1. To 3. May be included in each MIB-NB and SIB1-NB.

[0615] The MIB-NB and the SIB1-NB may not be transmitted using sufficient downlink resources like the remaining
other SIBx-NB. Accordingly, they are not notified as a channel number of a form, such as ARFCN-ValueEUTRA, and
the location of the carrier in which the SIB1-NB is transmitted may be defined as a relative PRB location with an anchor-
carrier (one of one or more pre-determined offset values).

[0616] The location of a carrier in which the remaining SIBx-NBs are transmitted may be defined as a relative PRB
location with an anchor-carrier (one of one or more pre-determined offset values, and the range of the offset value may
be the same as or different from the range of an offset value for providing notification of an SIB1-NB transmission location)
or may be defined as a relative PRB location with a carrier on which an SIB1-NB is transmitted.

[0617] In this case, when an SIB1-NB is transmitted on both an anchor-carrier and a non-anchor carrier, a relative
PRB location with the anchor-carrier may be first notified.

[0618] In general, this may be different from the use of a channel number of a form, such as ARFCN-ValueEUTRA,
when a non-anchor carrier is configured in an NB-loT system.

[0619] When an SIB1-NB is transmitted on a third carrier, it may be necessary to identify whether some of the message
of the SIB1-NB is information on an anchor-carrier or information on the third carrier on which the SIB1-NB is transmitted.
[0620] That is, some information (type-A) may be interpreted by applying it to an anchor-carrier and the third carrier
on which the SIB1-NB is transmitted in common. Some information (type-B) may be interpreted by applying it to only
the third carrier on which the SIB1-NB is transmitted.

[0621] If a specific identical parameter of the type-A information is not applied to an anchor-carrier and a third carrier
on which an SIB1-NB is transmitted in common, but is to be separately applied to the third carrier on which an SIB1-NB
is transmitted, another corresponding specific identical parameter may be further included and configured in a message.
[0622] As described above, if another specific identical parameter is further present in the type-A and is to be defined
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as a value different from that of an anchor-carrier in which a third carrier on which an SIB1-NB is transmitted, a message
in which such an operation is permitted is called a type-C.

[0623] If only one value is allocated to a parameter present in Type-C, like Type-A, this is applied to an anchor-carrier
and a third carrier on which an SIB1-NB is transmitted in common and interpreted.

[0624] If two values are allocated to a parameter present in Type-Cm one value is applied to an anchor-carrier and
the remaining one value is applied to a third carrier on which an SIB1-NB is transmitted.

[0625] Furthermore, when an SIB1-NB schedules the remaining other SIBx-NBs, if the SIB1-NB schedules the re-
maining other SIBx-NBs as a third carrier different from that of the SIB1-NB, a similar issue may occur again.

[0626] That is, if an SIB1-NB wants to indicate a specific parameter as a separate value based on a carrier on which
an SIBx-NB is transmitted, it may be identified as a message of Type-B or Type-C.

[0627] That is, in the case of Type-B, a parameter is directly transferred with respect to the carrier of an SIBx-NB
scheduled by an SIB1-NB. In the case of Type-C, if a parameter is applied to all of an anchor-carrier and a third carrier
on which an SIB1-NB is transmitted and a third carrier in which an SIBx-NB will be transmitted in common or values
more than one value are present in a specific parameter, the parameter may be applied to the anchor-carrier, the third
carrier on which an SIB1-NB is transmitted, and the third carrier on which an SIBx-NB is transmitted.

[0628] Such a problem does not occur in an FDD NB-loT system up to Release 15.

[0629] The reason for this is that all types of system information are basically transmitted on an anchor-carrier.
[0630] For example, cellSelectioninfo information of an SIB1-NB is information related to the cell selection process of
a user equipment.

[0631] The information may be a value always defined as the measurement of an anchor-carrier.

[0632] However, the information may be cell selection-related information based on a measurement value of a corre-
sponding third carrier on which an SIB1-NB is transmitted in order to reduce the complexity of a user equipment (power
consumption and time delay may also be included in the complexity) for frequency re-tuning into an anchor-carrier in
order to measure radio resource management (RRM) or reference signal received power (RSRP) or reference signal
received quality (RSRQ), etc. on the corresponding third carrier in which the user equipment has detected the SIB1-NB.
[0633] For example, downlinkBitmap information may indicate the valid or invalid of a subframe.

[0634] If the information is included in an SIB1-NB, corresponding downlinkBitmap information may be applied to all
of an anchor-carrier and a third carrier on which an SIB1-NB is transmitted in common.

[0635] Alternatively, the downlinkBitmap information may be limited to be always applied to only an anchor-carrier.
[0636] Furthermore, if two types of downlinkBitmap information are present, one may be downlinkBitmap information
for an anchor-carrier and the other may be downlinkBitmap information for a third carrier on which an SIB1-NB is
transmitted.

[0637] If only one type of downlinkBitmap information is included, it may be assumed that an anchor-carrier and a
third carrier on which an SIB1-NB is transmitted use the same downlinkBitmap information.

[0638] If an SIB1-NB schedules the remaining other SIBx-NBs in another third carrier, downlinkBitmap information
may be applied again similar to the above case.

[0639] Thatis, if only one type of downlinkBitmap information is present within an SIB1-NB, the corresponding down-
linkBitmap information may be applied to all of an anchor-carrier and a third carrier on which an SIB1-NB is transmitted
and a third carrier on which an SIBx-NB is transmitted.

[0640] If only two types of downlinkBitmap are present, what each type of downlinkBitmap information indicates which
carrier may be clearly included.

[0641] Alternatively, interpretation may be different depending on the location of a carrier on which an SIB1-NB is
transmitted.

[0642] Forexample, when an SIB1-NB is transmitted on an anchor-carrier and the remaining SIBx-NBs are scheduled
as another third carrier, the first downlinkBitmap may indicate information on the anchor-carrier and the other downlink-
Bitmap may indicate subframe information of a carrier on which the remaining SIBx-NBs are transmitted.

[0643] nrs-CRS-PowerOffset may also be applied in common between an anchor-carrier and a different carrier (carrier
on which an SIB1-NB is transmitted and/or an SIBx-NB is transmitted) and interpreted using a method similar to or
identical with the method of the above-described downlinkBitmap information.

[0644] In this case, information, such as nrs-CRS-PowerOffset, defines only an NRS and CRS power offset always
in an anchor-carrier. In the remaining carriers, NRS power information may use a method of adding nrs-PowerOffset-
NonAnchor to an SIB1-NB and independently providing notification of an NRS power offset between an anchor-carrier
and a specific carrier.

[0645] Alternatively, with respect to a third carrier on which an SIB1-NB is transmitted or a third carrier on which the
remaining SIBx-NB is transmitted, NRS power-related information may be defined and used as CRS-PowerOffset not
nrs-PowerOffsetNonAnchor characteristically, and may be applied using a method similar to or identical with the above-
described downlinkBitmap information.

[0646] The downlinkBitmap information, the nrs-PowerOffsetNonAnchor information, etc. may derive downlinkBitmap
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information, a nrs-PowerOffsetNonAnchor degree, etc. of a carrier on which system information is transmitted using a
method similar to downlinkBitmapNonAnchor included in CarrierConfigDedicated-NB. That is, downlinkBitmapNonAn-
chor may be divided into useNoBitmap, useAnchorBitmap, explicitBitmapConfiguration information and may be notified.
[0647] In the case of useNoBitmap, all downlink subframes (may include some of or all the special subframe formats
of a special subframe) of a corresponding carrier or an indicated carrier may be interpreted as valid downlink subframes.
[0648] Inthe case of useAnchorBitmap, valid downlink subframe information of a corresponding carrier or an indicated
carrier may be interpreted as being the same as a value configured for an anchor-carrier.

[0649] explicitBitmapConfiguration may independently indicate valid downlink subframe information of a corresponding
carrier or an indicated carrier directly.

[0650] A case where eutraControlRegionSize may be omitted when SIB1-NB is transmitted on a non-anchor carrier
may be different.

[0651] In the case of the in-band operation mode, eutraControlRegionSize is transmitted in an SIB1-NB. If an SIB1-
NB is transmitted on a non-anchor carrier and an anchor-carrier and the non-anchor carrier have different operation
modes, eutraControlRegionSize may always need to be transmitted.

[0652] Forexample,ifan anchor-carrieris anin-band operation mode and an SIB1-NB is transmitted in the non-anchor
carrier of a guard-band, the SIB1-NB includes eutraControlRegionSize information, and eutraControlRegionSize may
indicate the control region size of the anchor-carrier.

[0653] Furthermore, if an anchor-carrier is a guard band operation mode and an SIB1-NB is transmitted on the non-
anchor carrier of an in-band, the SIB1-NB includes information of eutraControlRegionSize, and eutraControlRegionSize
may be used to indicate the control region size of an in-band.

[0654] Furthermore, an SIB2-NB may configure a random access-related parameter, which includes information on
an NPRACH and an NPDCCH search space for receiving random access response (RAR).

[0655] Inthe FDD NB-loT system, NPRACH and NPDCCH search space information for a random access response
(RAR) configured as an SIB2-NB is applied to only an anchor-carrier.

[0656] An SIB22-NB is used for a configuration so that random access can be performed in a non-anchor carrier (a
series of processes of transmitting an NPRACH, receiving an RAR to the transmission, and then completing random
access).

[0657] Furthermore, whether random access can be performed in a non-anchor carrier up to Release 14 is dependent
on the capability of a user equipment.

[0658] Likewise, in the TDD NB-loT system, whether random access can be performed in a non-anchor carrier is
assumed to be the capability of a user equipment.

[0659] If the corresponding capability means only whether an NPRACH can be transmitted on a non-anchor carrier,
an NPRACH parameter configured as an SIB2-NB may be interpreted as an anchor-carrier.

[0660] In this case, if an SIB1-NB and/or the remaining SIBx-NB have not been transmitted on an anchor carrier or a
downlink subframe for RAR transmission is not sufficient in order to transmit system information, an NPDCCH search
space for an RAR configured as an SIB2-NB may need to be configured as a third carrier not an anchor-carrier.
[0661] In a conventional technology, Msg.1 (NPRACH) transmission and Msg.3 transmission use the same carrier-
A, and Msg.2 (RAR) reception and Msg.4 reception use the same carrier-B.

[0662] In this case, the carrier-A and the carrier-B may not be a 1-to-1 pair.

[0663] In this case, the carrier-A and the carrier-B could not be configured as a combination of an anchor-carrier and
a non-anchor carrier.

[0664] In contrast, in the TDD NB-loT system, an Msg.1 transmission carrier configured as an SIB2-NB as described
above may be interpreted as an anchor-carrier, and a carrier in which Msg.2 is expected may be configured as a non-
anchor carrier.

[0665] In this case, if a non-anchor carrier in which Msg.2 is expected is necessary, such non-anchor carrier information
may need to be additionally included in Msg.2 information.

[0666] If non-anchor carrier information is not present, a user equipment may interpret that Msg.2 is expected in a
carrier (i.e., an anchor-carrier in the example) corresponding to an Msg.1 carrier.

[0667] Furthermore, the Msg.1 transmission of a random access-related parameter configured in an SIB2-NB may be
indicated as a specific non-anchor carrier.

[0668] Insuch acase, a TDD system may be applied only when the Msg.1 transmission of a user equipment is always
possible in a non-anchor carrier.

[0669] Furthermore, the random access-related parameter configured in the SIB2-NB may include all of an anchor-
carrier and a carrier on which an SIB1-NB has been transmitted and/or a carrier on which the SIB2-NB has been
transmitted, and may be applied (a random access-related parameter for one carrier may be extended as a carrier unit
or an independent random access-related parameter for each required carrier may be additionally configured/included).
[0670] In such a case, if both the SIB1-NB and the SIB2-NB are transmitted on an anchor carrier, this may be similar
to the existing method in which an SIB2-NB configures random access only on an anchor carrier.
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[0671] That is, system information may interpret that Msg.1 has been naturally configured in an anchor-carrier with
respect to the anchor-carrier.

[0672] In such a case, Msg.2 may be indicated as a specific non-anchor carrier.

[0673] The reason for this is that most of downlink subframes may have been used in order to transmit the system
information.

[0674] If one or more pieces of system information are not transmitted on an anchor-carrier, an SIB2-NB may be
considered to have configured a random access-related parameter with respect to one or more carriers including an
anchor-carrier.

[0675] In this case, a user equipment not supporting NPRACH transmission for a non-anchor carrier may limitedly
interpret or first select the NPRACH transmission carrier of the SIB2-NB as an anchor-carrier only.

[0676] Incontrast, eveninsuch acase (nottransmittingan NPRACH on a non-anchor carrier), Msg.2 may be configured
to be received on a non-anchor carrier.

[0677] A user equipment capable of transmitting an NPRACH on a non-anchor carrier may interpret random access-
related information configured in an SIB2-NB with respect to both an anchor-carrier and a non-anchor carrier.

[0678] Furthermore, a method of actually selecting an Msg.1 transmission carrier may operate like a method of selecting
a specific probability (a method of stochastically selecting a carrier on which Msg.1 will be transmitted among an anchor-
carrier and one or more non-anchor carriers in the existing SIB22-NB) as a method similar to the method of non-anchor
NPRACH transmission of Rel.14.

[0679] If an anchor-carrier on which an NPSS, NSSS, NPBCH is transmitted is the guardband operation mode and
an SIB1-NB is transmitted in a non-anchor of an inband same or different PCl mode, an MIB-NB may need to provide
additional information on a non-anchor carrier on which an SIB1-NB is transmitted.

[0680] For example, if a non-anchor carrier on which an SIB1-NB is transmitted is the inband same PCIl mode, eutra-
CRS-Sequencelnfo may be necessary.

[0681] Alternatively, in the case of the inband different PCI mode, eutra-NumCRS-Ports (or additionally rasterOffset)
information may be additionally necessary.

[0682] Alternatively, such a parameter may be limited to a specific value (e.g., eutra-NumCRS-Ports may always be
limited to the same value as an anchor-carrier and or 2 or 4).

[0683] Anadditional method ofindicating the operation mode of a non-anchor carrier on which an SIB1-NB is transmitted
may be necessary.

[0684] To this end, spare 3bits of a Guardband-NB may be used.

[0685] For example, some state(s) of 8 states represented in 3 bits may indicate an operation mode when an SIB1-
NB needs to be transmitted on a non-anchor carrier.

[0686] Furthermore, other some state(s) may represent the number of CRS antenna ports when a non-anchor carrier
on which an SIB1-NB is transmitted is the in-band different PCI mode.

[0687] If a carrier on which an SIB1-NB is transmitted is represented as 2 bits in an MIB-NB, the A-state of 4 states
(A, B, C, D) may mean that the SIB1-NB is transmitted on an anchor-carrier. The B-state of the 4 states may mean that
the SIB1-NB is transmitted on a non-anchor carrier having an offset of X (e.g., 1PRB) with respect to an anchor-carrier.
The C-state of the 4 states may mean that the SIB1-NB is transmitted on a non-anchor carrier having an offset of Y
(e.g., -X) with respect to an anchor-carrier. The D-state of the 4 states may mean that the operation mode of a non-
anchor carrier on which the SIB1-NB is transmitted is different from the operation mode of an anchor-carrier.

[0688] In this case, D does not include a case where "an anchor-carrier is the inband same PCI mode and a non-
anchor is the inband different PCl mode" or an opposite case.

[0689] In this case, the "anchor-carrier may indicate an inband same PCI mode and the non-anchor may indicate a
guardband mode" or the "anchor-carrier may indicate an inband different PClI mode and the non-anchor may indicate a
guardband mode" or the "anchor-carrier may indicate a guardband mode and the non-anchor may indicate an inband
same PCI guardband mode" or the "anchor-carrier may indicate a guardband mode and the non-anchor may indicate
an inband same PCI guardband mode."

[0690] In this case, if an anchor-carrier is a guardband mode, there is a problem in whether a non-anchor carrier on
which an SIB1-NB is transmitted is an inband same PCI mode or an inband different PCl mode cannot be represented.
[0691] One state or bit of the spare 3 bits of a Guardband-NB may be used as a method of solving this problem.
[0692] Furthermore, the remaining 7 states or 2 bits may be used to represent bandwidth information of a system.
[0693] Accordingly, if an NB-loT user equipment can be aware of a system bandwidth, an accurate PRB location
where an SIB1-NB is transmitted within an inband may be fixed to a specific location (e.g., a PRB closest to an anchor-
carrier from the center of a system band).

[0694] If an anchor-carrier has an operation mode of an in-band same or different PCI operation mode and an SIB1-
NB is transmitted in a guard-band, a user equipment receives the SIB1-NB by interpreting a carrier format indicator (CFI)
as a guard-band mode.

[0695] That is, the user equipment may assume a CFl different from an operation mode indicated in an MIB-NB, and
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may receive the SIB1-NB.

[0696] For example, if an operation mode is an inband mode, a CFI that may be assumed by a user equipment prior
to SIB1-NB detection is 3. If a carrier on which an SIB1-NB is transmitted is a guard-band (or if the carrier does not
include an in-band), a CFl may be interpreted as "0" with respect to the carrier on which the SIB1-NB is transmitted.
[0697] An actual CFIl of an anchor-carrier on which an MIB-NB is transmitted assumes a CFI notified in an SIB1-NB.
[0698] The transport block size (TBS) of an SIB1-NB may be differently interpreted depending on the operation mode
of a carrier on which an SIB1-NB is transmitted.

[0699] That is, the SIB1-NB TBS is provided in an MIB-NB, but may be differently interpreted when an SIB1-NB is
transmitted on a non-anchor carrier.

[0700] Furthermore, an SIB1-NB TBS indicated in an MIB-NB may be differently interpreted depending on the operation
mode of a non-anchor carrier on which an SIB1-NB is transmitted.

[0701] In this case, "for each operation mode" includes the operation mode of an anchor-carrier and the operation
mode of a non-anchor carrier on which an SIB1-NB is actually transmitted.

[0702] Forexample, when an anchor carrier is an in-band operation mode, but an SIB1-NB is transmitted on the same
carrier, an SIB1-NB TBS is interpreted as a value indicated in an MIB-NB.

[0703] However, when an SIB1-NB is transmitted on a non-anchor carrier and the corresponding non-anchor carrier
is an in-band operation mode, an SIB1-NB TBS may be interpreted as a value twice greater than a value indicated in
an MIB-NB.

[0704] When an SIB1-NB is transmitted on a non-anchor carrier and the corresponding non-anchor carrier is a guard
band operation mode, an SIB1-NB TBS may be interpreted as a value four times greater than a value indicated in an
MIB-NB.

[0705] When an SIB1-NB is transmitted on a non-anchor carrier, downlinkBitmap and nrs-CRS-PowerOffset transmit-
ted in the SIB1-NB may be differently interpreted or differently applied or an additional parameter may need to be defined
depending on a combination (pair) of an anchor-carrier and the non-anchor carrier on which the SIB1-NB is transmitted.

1. When a non-anchor carrier on which an SIB1-NB is transmitted is a guard band operation mode or a standalone
operation mode, downlinkBitmap is applied to both an anchor-carrier and the corresponding non-anchor carrier.
2. When a non-anchor carrier on which an SIB1-NB is transmitted is an in-band operation mode,

A. If an anchor-carrier is an in-band operation mode,
[0706]

® downlinkBitmap is applied to both the anchor-carrier and the corresponding non-anchor carrier.

® nrs-CRS-PowerOffset is applied to the anchor carrier (or the corresponding non-anchor carrier).

® "NRS power offset (between NRS and E-UTRA CRS)" information of the non-anchor carrier may be defined as
afixed value (may be differentdepending on an anchor carrier operation mode) or may be applied to the corresponding
non-anchor carrier (or anchor-carrier) based on an additional other parameter.

[0707] Inthis case, the "NRS power offset" may be defined identically or similarly to nrs-CRS-PowerOffset or a relative
power ratio may be defined between the NRSs of a corresponding non-anchor carrier (or anchor-carrier) of an anchor
carrier (or corresponding non-anchor carrier).

B. If an anchor-carrier is a guard band operation mode,
[0708]

@ nrs-CRS-PowerOffset is applied to all of corresponding non-anchor carriers.
® downlinkBitmap is applied to the anchor carrier (or a corresponding non-anchor carrier).

[0709] In this case, a downlinkBitmap length may be permitted to be configured up to a maximum length in the inband
operation mode.

[0710] In such a case, characteristically, in the guard band operation mode, downlinkBitmap information having the
same period as the downlinkBitmap length may be applied to an anchor-carrier.

[0711] That is, downlinkBitmap may be applied to an anchor-carrier and a non-anchor carrier on which an SIB1-NB
is transmitted as the same period and the same value.

[0712] "NB-loT subframe (e.g., a subframe(s) indicated to be available in an NB-IoT in downlinkBitmap)" information
of a non-anchor carrier may be defined as a fixed value (may be different depending on an anchor carrier operation
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mode) or may be applied to a corresponding non-anchor carrier (or anchor-carrier) by an additional other parameter.
[0713] In this case, the "NB-IoT subframe" may be defined identically with downlinkBitmap (or a format or the length
of a bit map) or the length of a bitmap may be differently defined to indicate only a downlink subframe (or with respect
to only a downlink and special subframe).

[0714] Thereason for this is that since a purpose for declaring an UL invalid subframe as downlinkBitmap is enhanced
interference mitigation and traffic adaptation (eIMTA) of an LTE system, if an UL subframe has a possibility that it may
change into a DL subframe, an NB-IoT (or eMTC) system is prevented from using a corresponding subframe as an UL
subframe, but such a characteristic is not different for each carrier in the same subframe.

[0715] When all the MIB-NB, SIB1-NB and SIB2-NB are not transmitted on an anchor carrier, nrs-Power transmitted
in the SIB2-NB is differently interpreted or differently applied as follows depending on a combination (pair) of carriers
used to transmit the MIB-NB and the SIB1-NB and the SIB2-NB or an additional parameter needs to be defined.
[0716] nrs-Power may mean the "downlink narrowband reference-signal EPRE" of an anchor-carrier regardless of the
location of a carrier on which an SIB2-NB is transmitted (whether it is an anchor carrier, a carrier different from that of
an SIB1-NB, etc.).

[0717] In this case, nrs-PowerOffsetNonAnchor information on a carrier on which an SIB2-NB is transmitted may also
be included so that the NRSRP measurement value of the carrier on which the SIB2-NB is transmitted can be used to
select CE levels (4 CE levels are present).

[0718] This is for minimizing an operation of moving, by a user equipment, NRSRP measurement used for CE level
selection to an anchor-carrier again after the user equipment receives an SIB2-NB.

[0719] Of course, for the same purpose, nrs-Power means a "downlink narrowband reference-signal EPRE" at the
location of a carrier on which the SIB2-NB is transmitted. Information on NRS power of an anchor-carrier may be
transmitted through nrs-PowerOffsetNonAnchor.

[0720] If NRSRP measurement for CE level selection is based on a carrier on which an SIB2-NB is transmitted, nrs-
Power included in the SIB2-NB may be "downlink narrowband reference-signal EPRE" information of the carrier on
which the SIB2-NB is transmitted.

[0721] That is, the nrs-Power information may be "downlink narrowband reference-signal EPRE" information of an
anchor-carrier or "downlink narrowband reference-signal EPRE" information of a non-anchor carrier depending on the
carrier on which the SIB2-NB is transmitted.

[0722] The method has a difference in that unlike in FDD, a carrier used for CE level selection in the TDD NB-loT
system is a carrier on which an SIB2-NB is transmitted or uses both an anchor-carrier and a carrier on which an SIB2-
NB is transmitted.

[0723] That is, a CE level may be selected based on an NRS transmitted on an anchor carrier depending on the
location of a carrier on which an SIB2-NB is transmitted, or a CE level may be selected based on the NRS of a non-
anchor carrier (on which an SIB2-NB is transmitted).

Operation related to an RRM or CE level selection when system information is transmitted on non-anchor carrier

[0724] Fifth, an operation related to the RRM or CE level selection, etc. of a user equipment when system information
is transmitted on a non-anchor carrier is described.

[0725] A user equipment needs to select a CE level before it performs a random access procedure.

[0726] This may be selected by comparing a measured value of RSRP with a value of rsrp-ThresholdsPrachinfoList
inarandom access-related parameter using an NRS (NSSS may be additionally used, but this may be differentdepending
on whether a user equipment can be aware of a parameter related to the power offset relation of the NRS and the NSSS,
etc. at a corresponding point of time).

[0727] In this case, in general, the RSRP measurement value using the NRS is possible only in an anchor-carrier.
[0728] However, when system information is not transmitted on an anchor-carrier, RSRP measurement may be per-
formed in a carrier in which specific system information has been received.

[0729] That is, a user equipment may receive system information in a carrier not an anchor-carrier, and may not
perform frequency re-tuning in an anchor-carrier for CE level selection or NPRACH power control.

[0730] In this case, system information may be an SIB1-NB or system information (e.g., may be an SIB2-NB or an
SIB22-NB) that configures random access-related information.

[0731] Furthermore, if system information transmits Msg.1 on an anchor carrier although it is received on a non-anchor
carrier, RSRP measurement for CE level selection and RRM may need to be performed on the anchor carrier.

DL/UL non-anchor carrier configuration

[0732] Sixth, the configuration of a DL/UL non-anchor carrier is described.
[0733] A frequency division duplex (FDD) system may configure DL and UL as respective non-anchor carriers.
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[0734] However, in TDD, when a non-anchor carrier may be configured, DL and UL may be configured without a
distinction.

[0735] That is, in TDD, both DL and UL may be configured in a corresponding carrier as one non-anchor carrier
configuration because DL and UL are present as a TDM scheme in one carrier.

[0736] However, if a non-anchor carrier is configured in a PRB location (LTE inband center 6RB) where a PSS/SSS
is transmitted, only NB-loT UL needs to be performed in the corresponding non-anchor carrier.

[0737] The reason for this is that an NB-loT DL carrier configuration is not permitted in center 6RBs in which a PSS
and NSS, MIB are transmitted in FDD NB-loT.

[0738] Accordingly, a user equipment receives a configuration for a non-anchor. If the location of the corresponding
carrier overlaps center 6 RBs, the user equipment may be limited to expect only UL on the corresponding carrier.

The number of NRS and CRS ports for a non-anchor carrier SIB1-NB

[0739] Seventh, when an SIB1-NB is transmitted on a non-anchor carrier, the numbers of NRS and CRS ports is
described.

[0740] Ifananchor carrieris a guard band operation mode and a non-anchor carrier on which an SIB1-NB is transmitted
is an in-band operation mode, a user equipment requires NRS port number and CRS port number information for SIB1-
NB decoding.

[0741] This may be differently defined or assumed depending on whether the in-band operation mode is same-PCI
or different-PCI.

1) If a non-anchor carrier on which an SIB1-NB is transmitted is an in-band same PCI mode

[0742] The numbers of NRS and CRS ports of the corresponding non-anchor carrier are the same as the number of
NRS ports of an anchor-carrier.

[0743] The reason for this is that the numbers of NRS and CRS ports have been assumed to be the same in the case
of an in-band same PCI mode in the existing FDD NB-loT. In TDD, the same method may be applied.

2) If a non-anchor carrier on which an SIB1-NB is transmitted is an in-band different PCl mode

[0744] The number of NRS ports of the corresponding non-anchor carrier is the same as the number of NRS ports of
an anchor-carrier. The number of CRS ports of the corresponding non-anchor carrier may be assumed to be 4.

[0745] That is, a user equipment assumes the number of CRS ports of a corresponding non-anchor carrier to be 4
before SIB1-NB decoding is completed, and attempts SIB1-NB decoding to which rate matching or puncturing has been
applied.

[0746] Of course, if the design of a user equipment similar to that of FDD is considered, rate matching may be said
to be more appropriate.

[0747] Furthermore, when the number of CRS ports of a corresponding carrier is explicitly transmitted in an SIB1-NB,
a user equipment may assume the number of CRS ports different from SIB1-NB decoding with respect to the rate
matching of a corresponding carrier after SIB1-NB decoding.

[0748] The above-described contents corresponding to the first to the seventh may be independently applied or one
or more combination of them may be applied or may be combined and applied in order to perform a method of transmitting
an SIB1-NB, which is proposed in this specification.

[0749] User equipment and base station operations for transmitting (or receiving) an SIB1-NB, which are proposed in
this specification, based on the above-described contents are described.

[0750] FIG. 16 is a flowchart showing an example of a user equipment operation for performing a method proposed
in this specification.

[0751] Thatis, FIG. 16 shows a method of receiving system information in a wireless communication system supporting
a time division duplex (TDD) narrowband (NB).

[0752] First, a user equipment receives, from a base station, first system information on an anchor carrier (S1610).
[0753] The first system information includes first information, indicating whether a carrier used for second system
information is an anchor carrier or a non-anchor carrier, and the second information on the location of the non-anchor
carrier used for the second system information.

[0754] The first information is configured as the non-anchor carrier.

[0755] Furthermore, the user equipment receives, from the base station, the second system information on the non-
anchor carrier based on the first system information (S1620).

[0756] The second system information may be received in a subframe #0 and a subframe #5. The repetition number
of the second system information on the non-anchor carrier may be 8 or 16.
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[0757] Inthis case, the repetition number may be determined based on a specific parameter included in the first system
information.

[0758] Furthermore, the user equipment may expect or assume that a narrowband reference signal (NRS) is received
from the base station in the subframe #0 and the subframe #5.

[0759] In this case, the first system information may be a masterinformationblock (MIB)-narrowband (NB), and the
second system information may be a systeminformationblock1 (SIB1)-NB.

[0760] Furthermore, the first system information may further include operation mode information indicating then op-
eration mode of the system.

[0761] In this case, the location of the non-anchor carrier used for the second system information may be determined
based on the operation mode.

[0762] Inthiscase, thelocation of the non-anchor carrier may be determined as arelative location with the anchor carrier.
[0763] The relative location may be represented as the interval of a physical resource block (PRB).

[0764] If the operation mode has been configured as a guard band, the second control information may indicate a
carrier on the same side as the anchor carrier or a carrier on the side opposite to the anchor carrier.

[0765] Alternatively, when the operation mode is an in-band or standalone, the second information may indicate a
frequency value lower than or higher than the anchor carrier.

[0766] Furthermore, the first system information may further include third information indicating that the number of
cell-specific reference signal (CRS) ports of the non-anchor carrier is the same as the number of NRS ports of the anchor
carrier or is 4.

[0767] In this case, the operation mode of the non-anchor carrier may be an in-band-different PCI.

[0768] The reason why an SIB1-NB proposed in this specification has to be transmitted on a non-anchor carrier is
described below.

[0769] Unlike in the LTE system, in an NB-loT system characterized by coverage enhancement, all channels and
signals basically occupy a minimum 1 subframe section.

[0770] Accordingly, the NB-loT system requires 3 subframes for only NPSS, NSSS and NPBCH transmission.
[0771] However, since the NPSS, NSSS and NPBCH transmission period is every 10msec or 20msec, the number
of subframes used for NPSS, NSSS and NPBCH transmission within each 20msec is 5.

[0772] Furthermore, in the case of an UL/DL configuration supported in a TDD NB-IoT system, a subframe that may
be assumed to be always DL in all UL/DL configurations (subframe that may be assumed to be downlink in all UL/DL
configurations may be used for SIB1-NB transmission because a TDD configuration is notified in an SIB1-NB) includes
only a No. 0 subframe of an odd-numbered radio frame.

[0773] Furthermore, an SIB1-NB requires many repetition transmissions when a TBS is great because the SIB1-NB
can support various transport block sizes (TBSs).

[0774] In this case, it may be difficult to solve interference between neighbor cells through TDD due to the repetition
transmissions.

[0775] Accordingly, in order to solve such a problem, an SIB1-NB needs to be transmitted on a non-anchor carrier on
an anchor-carrier.

[0776] A difference between a transmission method through the non-anchor carrier of an SIB1-NB proposed in this
specification and the carrier aggregation (CA) method of the existing LTE system is that in the method proposed in this
specification, basic broadcast information is limited to a specific component carrier (CC) and not transmitted.

[0777] In the CA of the LTE system, a given CC may become a primary-cell (P-cell) for each user equipment. In
contrast, in the NB-loT system, if multiple NB-1oT carriers are present, only one anchor-carrier is defined.

[0778] Accordingly, the SIB1-NB transmission method proposed in this specification is different from the CA of the
LTE system in that (basic) broadcast information is transmitted on a different carrier.

[0779] A partin which the method proposed in this specification is implemented in a user equipment is described with
reference to FIGS. 16, 18 and 19.

[0780] In a wireless communication system supporting a time division duplex (TDD) narrowband (NB), in order to
receive system information, a user equipment includes a radio frequency (RF) module for transmitting and receiving
radio signals and a processor controlling the RF module.

[0781] The processor of the user equipment controls the RF module to receive first system information from a base
station on an anchor carrier.

[0782] The first system information includes first information, indicating whether a carrier used for second system
information is an anchor carrier or a non-anchor carrier, and second information on the location of the non-anchor carrier
used for the second system information.

[0783] The first information is configured as the non-anchor carrier.

[0784] Furthermore, the user equipment controls the RF module to receive the second system information from the
base station on the non-anchor carrier based on the first system information.

[0785] The second system information may be received in a subframe #0 and a subframe #5. The repetition number
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of the second system information on the non-anchor carrier may be 8 or 16.

[0786] In this case, the repetition number may be determined based on a specific parameter included in the first system
information.

[0787] Furthermore, the user equipment may expect or assume that a narrowband reference signal (NRS) is received
from the base station in the subframe #0 and the subframe #5.

[0788] In this case, the first system information may be a masterinformationblock (MIB)-narrowband (NB), and the
second system information may be a systeminformationblock1 (SIB1)-NB.

[0789] Furthermore, the first system information may further include operation mode information indicating the oper-
ation mode of the system.

[0790] In this case, the location of the non-anchor carrier used for the second system information may be determined
based on the operation mode.

[0791] Inthiscase, thelocation of the non-anchor carrier may be determined as arelative location with the anchor carrier.
[0792] The relative location may be represented as the interval of a physical resource block (PRB).

[0793] If the operation mode has been configured as a guard band, the second control information may indicate a
carrier on the same side as the anchor carrier or a carrier on the side opposite to the anchor carrier.

[0794] Alternatively, when the operation mode is an in-band or standalone, the second information may indicate a
frequency value lower than or higher than the anchor carrier.

[0795] Furthermore, the first system information may further include third information indicating that the number of
cell-specific reference signal (CRS) ports of the non-anchor carrier is the same as the number of NRS ports of the anchor
carrier or is 4.

[0796] In this case, the operation mode of the non-anchor carrier may be an in-band-different PCI.

[0797] FIG. 17 is a flowchart showing an example of a base station operation for performing a method proposed in
this specification.

[0798] Thatis, FIG. 17 shows a method of transmitting system information in a wireless communication system sup-
porting a time division duplex (TDD) narrowband (NB).

[0799] First, a base station transmits first system information to a user equipment on an anchor carrier (S1710).
[0800] The first system information includes first information indicating whether a carrier used for second system
information is an anchor carrier or a non-anchor carrier and second information on the location of the non-anchor carrier
used for the second system information.

[0801] The first information is configured as the non-anchor carrier.

[0802] Furthermore, the base station transmits the second system information to the user equipment on the non-
anchor carrier based on the first system information (S1720).

[0803] The second system information may be received in a subframe #0 and a subframe #5. The repetition number
of the second system information on the non-anchor carrier may be 8 or 16.

[0804] In this case, the repetition number may be determined based on a specific parameter included in the first system
information.

[0805] Furthermore, the base station may transmit a narrowband reference signal (NRS) to the user equipment in the
subframe #0 and the subframe #5.

[0806] In this case, the first system information may be a masterinformationblock (MIB)-narrowband (NB), and the
second system information may be a systeminformationblock1 (SIB1)-NB.

[0807] Furthermore, the first system information may further include operation mode information indicating the oper-
ation mode of the system.

[0808] In this case, the location of the non-anchor carrier used for the second system information may be determined
based on the operation mode.

[0809] Inthiscase,thelocation of the non-anchor carrier may be determined as arelative location with the anchor carrier.
[0810] The relative location may be represented as the interval of a physical resource block (PRB).

[0811] If the operation mode has been configured as a guard band, the second control information may indicate a
carrier on the same side as the anchor carrier or a carrier on the side opposite to the anchor carrier.

[0812] Alternatively, when the operation mode is an in-band or standalone, the second information may indicate a
frequency value lower than or higher than the anchor carrier.

[0813] Furthermore, the first system information may further include third information indicating whether the number
of cell-specific reference signal (CRS) ports of the non-anchor carrier is the same as the number of NRS ports of the
anchor carrier or is 4.

[0814] In this case, the operation mode of the non-anchor carrier may be an in-band-different PCI.

[0815] A partin which the method proposed in this specification is implemented in the base station is described with
reference to FIGS. 17 to 19.

[0816] In a wireless communication system supporting a time division duplex (TDD) narrowband (NB), in order to
transmit system information, the base station includes a radio frequency (RF) module for transmitting and receiving radio
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signals and a processor controlling the RF module.

[0817] The processorof the base station controls the RF module to transmit first system information to a user equipment
on an anchor carrier.

[0818] The first system information includes first information indicating whether a carrier used for second system
information is an anchor carrier or a non-anchor carrier and second information on the location of the non-anchor carrier
used for the second system information.

[0819] The first information is configured as the non-anchor carrier.

[0820] Furthermore, the base station controls the RF module to transmit the second system information to the user
equipment on the non-anchor carrier based on the first system information.

[0821] The second system information may be received in a subframe #0 and a subframe #5, and the repetition number
of the second system information on the non-anchor carrier may be 8 or 16.

[0822] In this case, the repetition number may be determined based on a specific parameter included in the first system
information.

[0823] Furthermore, the base station may transmit a narrowband reference signal (NRS) to the user equipment in the
subframe #0 and the subframe #5.

[0824] In this case, the first system information may be a masterinformationblock (MIB)-narrowband (NB), and the
second system information may be a systeminformationblock1 (SIB1)-NB.

[0825] Furthermore, the first system information may further include operation mode information indicating the oper-
ation mode of the system.

[0826] In this case, the location of the non-anchor carrier used for the second system information may be determined
based on the operation mode.

[0827] Inthiscase,thelocation of the non-anchor carrier may be determined as arelative location with the anchor carrier.
[0828] The relative location may be represented as the interval of a physical resource block (PRB).

[0829] If the operation mode has been configured as a guard band, the second control information may indicate a
carrier on the same side as the anchor carrier or a carrier on the side opposite to the anchor carrier.

[0830] Alternatively, if the operation mode is an in-band or standalone, the second information may indicate a frequency
value lower than or higher than the anchor carrier.

[0831] Furthermore, the first system information may further include third information indicating whether the number
of cell-specific reference signal (CRS) ports of the non-anchor carrier is the same as the number of NRS ports of the
anchor carrier or is 4.

[0832] In this case, the operation mode of the non-anchor carrier may be an in-band-different PCI.

General apparatus to which the present invention may be applied

[0833] FIG. 18 illustrates a block diagram of a wireless communication apparatus to which methods proposed in this
specification may be applied.

[0834] Referring to FIG. 18, the wireless communication system includes an eNB 1810 and multiple user equipments
1820 disposed within the eNB region.

[0835] The eNB and the user equipment may be represented as respective wireless devices.

[0836] The eNB includes a processor 1811, memory 1812 and a radio frequency (RF) module 1813. The processor
1611 implements the processes and/or methods proposed in FIGS. 1 to 17. The layers of a radio interface protocol may
be implemented by the processor. The memory is connected to the processor and stores various types of information
for driving the processor. The RF module is connected to the processor and transmits and/or receives a radio signal.
[0837] The user equipmentincludes a processor 1821, memory 1822 and an RF module 1823.

[0838] The processor implements the processes and/or methods proposed in FIGS. 1 to 17. The layers of a radio
interface protocol may be implemented by the processor. The memory is connected to the processor and stores various
types of information for driving the processor. The RF module is connected to the processor and transmits and/or receives
aradio signal.

[0839] The memory 1812, 1822 may be positioned inside or outside the processor 1811, 1821 and may be connected
to the processor by various well-known means.

[0840] Furthermore, the eNB and/or the user equipment may have a single antenna or multiple antennas.

[0841] An antenna 1814, 1824 functions to transmit and receive radio signals.

[0842] FIG. 19 is another example of a block diagram of a wireless communication apparatus to which methods
proposed in this specification may be applied.

[0843] Referring to FIG. 19, the wireless communication system includes a base station 1910 and multiple user
equipments 1920 disposed within the base station region. The base station may be represented as a transmission
device, and the user equipment may be represented as a reception device, and vice versa. The base station and the
user equipment include processors 1911 and 1921, memory 1914 and 1924, one or more Tx/Rx radio frequency (RF)
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modules 1915 and 1925, Tx processors 1912 and 1922, Rx processors 1913 and 1923, and antennas 1916 and 1926,
respectively. The processor implements the above-described functions, processes and/or methods. More specifically,
in DL (communication from the base station to the user equipment), a higher layer packet from a core network is provided
to the processor 1911. The processor implements the function of the L2 layer. In DL, the processor provides the user
equipment 1920 with multiplexing between a logical channel and a transport channel and radio resource allocation, and
is responsible for signaling toward the user equipment. The transmission (TX) processor 1912 implements various signal
processing functions for the L1 layer (i.e., physical layer). The signal processing function facilitates forward error correction
(FEC) in the user equipment, and includes coding and interleaving. A coded and modulated symbol is split into parallel
streams. Each stream is mapped to an OFDM subcarrier and multiplexed with a reference signal (RS) in the time and/or
frequency domain. The streams are combined using inverse fast Fourier transform (iFFT) to generate a physical channel
that carries a time domain OFDMA symbol stream. The OFDM stream is spatially precoded in order to generate multiple
space streams. Each space stream may be provided to a different antenna 1916 through an individual Tx/Rx module
(or transmitter and receiver 1915). Each Tx/Rx module may modulate an RF carrier into each space stream for trans-
mission. In the user equipment, each Tx/Rx module (or transmitter and receiver 1925) receives a signal through each
antenna 1926 of each Tx/Rx module. Each Tx/Rx module restores information modulated in an RF carrier and provides
it to the RX processor 1923. The RX processor implements various signal processing functions of the layer 1. The RX
processor may perform space processing on information in order to restore a given space stream toward the user
equipment. If multiple space streams are directed toward the user equipment, they may be combined into a single
OFDMA symbol stream by multiple RX processors. The RX processor converts the OFDMA symbol stream from the
time domain to the frequency domain using fast Fourier transform (FFT). The frequency domain signal includes an
individual OFDMA symbol stream for each subcarrier of an OFDM signal. Symbols on each subcarrier and a reference
signal are restored and demodulated by determining signal deployment points having the best possibility, which have
been transmitted by the base station. Such soft decisions may be based on channel estimation values. The soft decisions
are decoded and deinterleaved in order to restore data and a control signal originally transmitted by the base station on
a physical channel. A corresponding data and control signal are provided to the processor 1921.

[0844] UL (communication from the user equipment to the base station) is processed by the base station 1910 in a
manner similar to that described in relation to the receiver function in the user equipment 1920. Each Tx/Rx module
1925 receives a signal through each antenna 1926. Each Tx/Rx module provides an RF carrier and information to the
RX processor 1923. The processor 1921 may be related to the memory 1924 storing a program code and data. The
memory may be referred to as a computer-readable medium.

[0845] In the aforementioned embodiments, the elements and characteristics of the present invention have been
combined in specific forms. Each of the elements or characteristics may be considered to be optional unless otherwise
described explicitly. Each of the elements or characteristics may be implemented in a form to be not combined with other
elements or characteristics. Furthermore, some of the elements and/or the characteristics may be combined to form an
embodiment of the present invention. The sequence of the operations described in the embodiments of the present
invention may be changed. Some of the elements or characteristics of an embodiment may be included in another
embodiment or may be replaced with corresponding elements or characteristics of another embodiment. It is evident
that an embodiment may be constructed by combining claims not having an explicit citation relation in the claims or may
be included as a new claim by amendments after filing an application.

[0846] The embodiment according to the present invention may be implemented by various means, for example,
hardware, firmware, software or a combination of them. In the case of an implementation by hardware, the embodiment
of the present invention may be implemented using one or more application-specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), processors, controllers, microcontrollers, microprocessors, etc.

[0847] In the case of an implementation by firmware or software, the embodiment of the present invention may be
implemented in the form of a module, procedure or function for performing the aforementioned functions or operations.
Software code may be stored in the memory and driven by the processor. The memory may be located inside or outside
the processor and may exchange data with the processor through a variety of known means.

[0848] It is evident to those skilled in the art that the present invention may be materialized in other specific forms
without departing from the essential characteristics of the present invention. Accordingly, the detailed description should
not be construed as being limitative from all aspects, but should be construed as being illustrative. The scope of the
present invention should be determined by reasonable analysis of the attached claims, and all changes within the
equivalent range of the present invention are included in the scope of the present invention.

[Industrial Applicability]

[0849] The present invention has been described based on an example in which it is applied to the 3GPP LTE/LTE-
A system, but may be applied to various wireless communication systems in addition to the 3GPP LTE/LTE-A system.
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Claims

1.

10.

1.

12.

13.

14.

A method of receiving system information in a wireless communication system supporting a time division duplex
(TDD) narrowband (NB), the method performed by a user equipment comprising:

receiving, from a base station, first system information on an anchor carrier, wherein the first system information
comprises first information indicating whether a carrier used for second system information is an anchor carrier
or a non-anchor carrier and second information on a location of the non-anchor carrier used for the second
system information; and

receiving, from the base station, the second system information on the non-anchor carrier based on the first
system information.

The method of claim 1,
wherein the first system information is a masterinformationblock (MIB)-narrowband (NB), and
wherein the second system information is a systeminformationblock1 (SIB1)-NB.

The method of claim 1,
wherein the first information is configured as the non-anchor carrier.

The method of claim 3,

wherein the first system information further comprises operation mode information indicating an operation mode of
the system, and

wherein the location of the non-anchor carrier used for the second system information is determined based on the
operation mode.

The method of claim 4,
wherein the location of the non-anchor carrier is determined as a relative location with the anchor carrier.

The method of claim 4,
wherein when the operation mode is configured as a guard band, the second control information indicates a carrier
on a side identical with a side of the anchor carrier or a carrier on a side opposite to the anchor carrier.

The method of claim 4,
wherein if the operation mode is an in-band or standalone, the second information indicates a frequency value lower
than or higher than the anchor carrier.

The method of claim 5,
wherein the relative location is represented as an interval of a physical resource block (PRB).

The method of claim 1,
wherein the first system information further comprises third information indicating that a number of cell-specific
reference signal (CRS) ports of the non-anchor carrier is identical with a number of NRS ports of the anchor carrier or 4.

The method of claim 9,
wherein the operation mode of the non-anchor carrier is an in-band-different PCI.

The method of claim 1,
wherein the second system information is received in a subframe #0 and a subframe #5.

The method of claim 11,
wherein a repetition number of the second system information on the non-anchor carrier is 8 or 16.

The method of claim 12,
wherein the repetition number is determined based on a specific parameter included in the first system information.

The method of claim 11,

wherein a narrowband reference signal (NRS) is received from the base station in the subframe #0 and the subframe
#5.

69



10

15

20

25

30

35

40

45

50

55

EP 3 522 433 A1

15. A user equipment receiving system information in a wireless communication system supporting a time division
duplex (TDD) narrowband (NB), the user equipment comprising:

a radio frequency (RF) module for transmitting and receiving radio signals; and
a processor controlling the RF module,
wherein the processor is configured to:

receive, from a base station, first system information on an anchor carrier, wherein the first system infor-
mation comprises first information indicating whether a carrier used for second system information is an
anchor carrier or a non-anchor carrier and second information on a location of the non-anchor carrier used
for the second system information; and

receive, from the base station, the second system information on the non-anchor carrier based on the first
system information.
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[Figure 6]
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[Figure 8]
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[Figure 9]
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[Figure 14]
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[Figure 16]
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[Figure 17]
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[Figure 18]
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[Figure 19]
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[Figure 21]
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